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ABSTRACT
The Cikotok mineralization geologically and tectonically lies within the 
Tertiary volcano-magmatic belt of Java Island, and was affected by movement of 
the Tertiary, north-dipping Indian Oceanic plate which was subducted beneath 
the island arc.
The gold-silver mineralization in the area is accompanied by base metal 
sulphides, and is hosted by a sequence of altered calc-alkaline volcanic rocks of 
the Oligo-Miocene Old Andesite Formation (comprising mostly andesites). The 
dominant forms of alteration to the host rocks include silicification, 
propylitization, carbonatization, sericitization, chloritization and argilitization.
Gold and silver occur as fine-grained electrum and argentite, respectively, 
accompanied by pyrite, sphalerite, galena and minor chalcopyrite in a quartz 
gangue. The gold and silver are thought to have formed at shallow depths, 
whereas the sulphide minerals accumulated at deeper levels. All minerals have an 
erratic vertical and lateral distribution. Quartz veins are predominantly 
characterized by cavity filling, comb, colloform and crustiform structures, 
suggesting formation at low pressures and temperatures near the surface. Breccia 
ores are formed as hydrothermal fluids moved upwards through severely 
fractured rocks.
An epithermal model is proposed for the origin of the deposits. 
Ascending ore-bearing hydrothermal solutions moved upwards through the 
cauldron structure of the Bay ah Dome which had been initiated after rifting. 
Petrological studies indicate that base metal sulphides were precipitated first 
followed by the precipitation of gold and silver at lower temperatures.
In the Cikotok area exploration for carbonate skarn (Carlyn type) gold 
deposits should be initiated in addition to continued exploration for epithermal 
gold-silver mineralization.
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Chapter 1
INTRODUCTION
1.1 Introduction
Gold is a precious metal which has had a relatively stable price. It is 
prospective both because of its national and international demand. Indonesia 
hosts a number of important gold and silver deposits including the major gold 
and silver hydrothermal quartz vein deposits in Mangani, Salida and Bengkulu of 
Sumatera and the Bayah Mountains of West Java (van Bemmelen, 1949). 
Hutchinson and Taylor (1978) indicated that many of the gold and silver deposits 
in the Cenozoic volcanic island arc belt, such as in the Western sector of 
Indonesia are epithermal gold-silver telluride vein deposits.
In Indonesia, important gold deposits are currently being mined in the 
Tutut area of North Sumatera (placer deposit), in the Lebong Tandai Mine of 
South Sumatera and in the Cikotok Area of West Java (primary ore). Gold is also 
obtained as a by-product from base metal ores at the Freeport-Indonesia Inc. 
Mine in Tembagapura, Irian Jay a. Relatively small quantities of gold are mined 
by primitive methods in placer deposits in Kalimantan. The occurrence of 
precious metals in the sulphide mineralization in the Cikotok area was found 
during the last century, but the first mining was only undertaken about 1940. The 
mines were underground mines using cut and fill methods and temporary timber 
supports. Drifts were developed at several levels and these followed the strike of 
the veins. The Cikotok mine was the largest and consequently, the centre of 
mining activities in this area. However, production is quite small at present.
The annual production of gold and silver metal from the Cikotok mine has 
decreased during the last decade (Table 1.1). This was caused by the decrease in 
the reserves of high grade ore. Only low grade ore is currently being mined, and 
the ore-dressing methods are probably not appropriate for such low grade ores.
The Cikotok mine is managed by a government company and the 
discovery of new reserves is of considerable importance in order to maintain the
continuity of this mine, since a large number of local people depend on it for 
their livelihood. Consequently, active mining supports the economic and social 
stability of the area.
1.2 Geography
1.2.1 Location
The Cikotok mine area is located in the sub-district of Bayah in the 
southern part of Lebak district (formerly named South Bantam), West Java 
Province. It is approximately 250 km southwest of Jakarta (Fig. 1.1).
The study area occupies an area between 106°15' and 106°22'30" East 
longitude and 6°45' and 6°52'30" South latitude. Current mining and 
exploration activities are located at Cikebo-Cikaret, Cigaru, Cipicung, Pasir Ela, 
Cirotan, Cimari and Lebaksembada.
1.2.2 Morphology
Regionally, West Java has been divided into two main, east-west trending 
morphological belts, namely the Northern Coastal Plain and the Southern 
Mountain Range. The Cikotok area lies within the Bayah Mountains Range at an 
altitude ranging from 1000 m in the north to 250 m in the south.
Three main streams with large tributary systems transect the area 
(Fig. 1.2). These are the Cipamancalan River in the west, the Cimadur River in 
the central area and the Cidikitgede River in the east. These rivers mostly drain 
into to the Indian Ocean along the south coast, and exhibit a dendritic drainage 
pattern with narrow, steep V-shaped valleys and many waterfalls. Both 
features are characteristic of youthful topography.
1.2.3 Climate and Vegetation
The Cikotok mine area has two main seasons which are characteristic of a 
tropical climate with high humidity. The wet season is virtually a rainy season 
and occurs between September and February peaking during December and 
January. The dry season occurs between March and August, with rainfall
3
occurring irregularly during the dry season.
The study area is covered mostly by natural tropical forest and is sparsely 
populated, containing only a few isolated villages. The life-style of the 
inhabitants in centred around traditional farming or employment in the mining 
industry.
1.3 Previous Investigations
Zeigler (1918) extensively explored the Cikotok area for precious metals 
and other economic minerals, particularly for coal. He found bituminous coal 
seams in the alternating shale-siltstone sequence of the Bayah Formation. 
Between 1924 and 1929 Oppennoorth (in Koesoemadinata, 1962) explored for 
and discovered gold-bearing quartz veins within the area. One of the veins was 
the Cikotok vein. Geological mapping was carried out by Akkersdijk, 
Oppennoorth, Ter Haar and Both (in Koesoemadinata, 1962). They described 
the nature of the veins and the geological setting of the area in detail and 
suggested that the andesitic rocks may be an important host rock for the 
mineralization of the area (Zeigler, 1931).
Koolhoven (1933) produced Sheet 14 (the Bayah sheet) which is one of 
the earliest systematic sheet maps printed at a scale of 1:100,000. This sheet 
shows the geological setting of the veins which were believed to have been 
restricted to the volcanic rocks. Koolhoven indicated that the andesitic rocks form 
the central zone of the sheet. He also recognized the regional structure of the area 
as comprising three major tectonic belts.
Further exploration, prospecting and detailed mapping on a scale of 
1:1000 were carried out by Tersptra (van Bemmelen, 1949) using Sheet 14 
Bayah as a guide. He found that the Cirotan vein (15 km north of the Cikotok 
vein) was 26 metres thick, N-S trending and dipping at 50° to the east. It 
contained gold, silver and other sulphides.
Vogt (1940) carried out more detailed mapping and made a number of 
significant observations around the Cirotan vein and of the area further to the 
north. His map shows the distribution of the rock types, known faults, veins and
surface quartz boulders with assay values given where appropriate. However, a 
description of the rock types (mostly stated as volcanic and intrusives) and their 
relationships to one another was not attempted.
In 1954, de Haan made an analysis of the structural systems of the area 
using data from existing literature. He concluded that the veins occupied shear 
fractures formed by a stress which originated from the south. He accepted the 
Bayah Dome theory of van Bemmelen (1949).
More recently, the mining company has carried out routine explorations, 
in order to trace the extent of known veins. The area has been the subject of 
several unpublished reports. Most of these described the structural geology, the 
geological setting and types of mineralization of the area. However, more 
detailed studies using advanced methods of investigation have not been done. As 
such, this project was initiated to redress this situation.
1.4 Gold and Silver Exploration History in the Cikotok Area
Mining in the Cikotok area by the Dutch company N.V. Miynbow 
Maatchchappij Zuid Bantam (N.V. MMZB) commenced in 1936 and continued 
up to 1939. They explored and mined for gold and silver, and built a milling 
plant at Pasir Gombong approximately 5 km west of Cikotok.
When the Japanese army occupied Indonesia from 1942 to 1944, the gold 
mine was taken over and worked by the Mitshui Kosha Kabushiki Company 
which mainly extracted the lead ores from the Cirotan mine for weapon and war 
industry purposes.
During the period of the physical revolution after Indonesian National 
Independence (1945 to 1948) the gold mine was controlled by the Indonesian 
Government, but during the Dutch invasion of 1948 to 1949, it was recontrolled 
by the N.V. MMZB. Finally, after a long period of security and political crises, 
the gold mine was reorganized and rehabilitized. In 1957 the Unit Tambang 
Emas Cikotok (the Cikotok Gold Mining Unit) was established as the operator 
of the mine under the supervision of the government company Aneka Tambang 
Ltd. This arrangement continues to the present day.
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1.5 Scope and Objectives
The scope of this research is to investigate the types of mineralization in 
the veins, particularly the gold and silver minerals, by using petrographic and 
chemical techniques, and to study the host rock near the mineralized quartz 
veins. The study encompasses several methods of laboratory investigation 
including:
a) microscopic analysis of thin sections and polished blocks;
b) geochemical analysis using atomic absorption spectrometry;
c) X-ray diffraction, X-ray fluorescence and electron microprobe 
analysis of selected samples.
The major aim of this research is to study the character of the gold and 
silver mineralization. Specifically the aims of this thesis are:
a) to examine, qualitatively and quantitatively, the mineral constituents, 
particularly gold and silver;
b) to observe the vertical and lateral variations in the distribution of ore 
minerals, major elements and trace elements in the alteration and 
mineralization zones;
c) to understand the interrelationship between gold and silver, and 
between gold-silver and other sulphide minerals; and
d) to assess the host rock type and their magma affinities.
The results of this research are expected to add to the existing data and 
should be useful as a guide for further exploration and prospecting for the similar 
ore types within this area and elsewhere.
Problems were encountered during sampling because of limited access to 
tunnels and old working faces. Both were largely covered by timber and walls 
which have collapsed in places. However, all collected samples were thought to be 
reasonably representative of the outcrops from which they were taken and it should 
be possible to determine the vertical and lateral distribution of the mineralization. 
Samples for this research were collected from tunnels in Cikebo-Cikaret, Cigaru,
6
Cipicung, Pasir Ela, Cirotan, Cimari and Lebaksembada. Other problems 
encountered were:
1. lack of original data; and
2. lack of documentation of earlier data.
These problems have restricted the author in obtaining detailed geological 
background information and access to data, some of which is unpublished and 
confidential.
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Table 1.1 Annual Production of The Tambang Emas Cikotok of the Aneka 
Tambang Co. Ltd., Jakarta. (Data from Unit Tambang Emas Cikotok, Bayah. 
1984).
Year Tonnage of ore 
(kg)
Au metal 
(kg)
Ag metal 
(kg)
1973 63,643 352.000 9,372
1974 47,013 265.000 6,465
1975 54,090 321.407 4,758
1976 57,938 354.427 3,379
1977 46,698 255.924 2,832
1978 56,248 253.953 2,506
1979 58,136 169.956 1,645
1980 49,008 251.859 2,200
1981 54,548 183.061 2,000
1982 53,842 222.185 3,049
1983 51,599 259.49 1,794
8
G° S
7° S
1 O’ W U 4 0' 0 °  2 0 ' 0 ° 0 ' W
M ° 0 ' W e s t  f r o m J a k a r t a  M&r .  10C° 4  0 r 2 7 ' EJ 
(a) The Indonesian Arch ipe lago,  (b) West Java Province and 
(c) The study area within Sheet No. 14 Bayah.( Compiled <rom 
the Geological Survey o< Indonesian’s MapsJ
Fig. 1.1 Sketch maps showing the location of the study area.
9
Fig. 1.2 Drainage pattern of the Cikotok area
Chapter 2
GEOLOGICAL SETTING
1 0
2.1 Tectonic Framework
2.1.1 Plate tectonic of the Indonesian Archipelago
Many workers (Hamilton, 1970, 1972; Hatherton and Dickinson, 1969; 
Fitch and Molnar,1970, and Katili, 1975a) have applied the concept of plate 
tectonic to the Indonesian Island Arc and concluded that it is basically a 
convergent plate margin system.
Since the Permian, the Indonesian Archipelago has been affected by the 
complex interaction between the Eurasian continent- Sunda shelf and the Indian 
Oceanic Plate in the west, and the Australian-Sahul Shelf and Pacific-Philippine 
Oceanic Plates in the east (Hutchison, 1973; Katili, 1975a; Whitford et al., 1979, 
and Daines, 1985).
Two opposed spreading centres were located in western Indonesia, one 
was in the South China Sea, subducting towards the south and the other was in 
the Indian Ocean subducting towards the north beneath the Sunda Shelf of the 
Eurasian continental margin. This pattern produced a series of regular zonal 
outgrowths of the arc-trench system (Katili, 1973; Hutchinson and Taylor, 
1978).
In eastern Indonesia, the spreading centre in the Pacific Ocean produced 
two parallel, north-south arc-trench systems (the Talaud Mayu Ridge of 
Sulawesi-Phillipine and Halmahera; Fig.2.1) which, combined with the 
northward movement of the Australian Plate to produce a complex of transform 
faults.
2.1.2 Western Indonesia
The western sector of Indonesia is considered to be part of the Sunda 
Shelf or Sunda land of the Eurasian continent (Fig. 2.1), which principally 
comprises Sumatera, Java, most of Kalimantan and part of the South China Sea.
It is bordered by a row of active volcanic island arcs (the Sunda Arc) which 
spread from the west coast of North Sumatera through Java, the Sunda Lesser 
Islands and continues to eastern Indonesia (Koesoemadinata, 1969; Ben 
Avraham and Emery, 1973; and Hamilton, 1979).
The late Cenozoic to present calc-alkaline and potassic volcanism of the 
Indonesian Archipelago was believed to be related to the subduction of the 
lithosphere.
Four main overlapping parallel arcuate tectonic zones are found in the 
western sector of Indonesia (Fig. 2.2). This concentric arrangement is interpreted 
as a result of the development and migration of two opposing arc-trench systems 
(Katili, 1980). Pulunggono (1985) noted that the subduction zones have actually 
moved systematically further away from the Eurasian continent and towards the 
Indian Ocean. The older subduction zones occur closer to the continent while the 
younger one is situated nearer to the ocean. The development of this arc-trench 
system in the Indian Ocean was most intense during the early Tertiary.
Intensive volcanism, accompanied by the emplacement of granitic 
intrusions, has occurred along the west coast of Sumatera and Java. The 
subduction zone shifted towards the Indian Ocean, in the Pliocene and was 
placed at its present site of the Sumatra-Java Trench, south of Sumatera and 
Java (Katili, 1973).
The crust beneath Sumatera is relatively thick (about 25 - 30 km; 
Cumming and Schiller, 1971) and is composed of Palaeozoic and Mesozoic 
basement comprising sialic continental crust, whereas the basement of Java is 
similar to a more ensimatic oceanic island arc composition (Whitford et al.. 1979 
and Hutchison, 1981).
2.1.3 Java
Tertiary geology of Java has been interpreted by most workers on the 
assumption that the arc-trench gap south of Java, inferred by Hamilton (1979), 
consists of a subduction complex formed in Early Tertiary times (Fig.2.3). In
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Java, a relatively young and thin oceanic lithosphere was subducted beneath the 
island arc (20 km thick; Ben Avraham and Emery, 1973). A corresponding 
Tertiary magmatic arc, according to the plate tectonic model of Katili (1973), was 
formed along the south coast of Java where andesites of Early Miocene are 
intruded by the granitic complex (Westerveld, 1941; van Bemmelen, 1949; 
Katili, 1973). Although the subduction zones show a zonal arrangement, and 
became younger towards the ocean, the age of the volcanic and granite zone is 
not always younger towards the ocean. The present magmatic zone which 
parallels the long axis of Java, for example, occurs slightly to the north of the 
Tertiary magmatic zone (Fig.2.2).
Whitford et al. (1979) observed that lavas from Java and Bali are typical 
of a normal island arc association with dominantly basaltic-andesitic
compositions containing up to 55% silica. The K2 O composition gradually
changes from the south towards the north with a coresponding change in the rock 
types from tholeiitic, through calc-alkaline, to high-K calc-alkaline, shoshonite 
and leucititic rock. It is believed that this zonation is controlled by a progressive 
increase in depth of the subducted slab beneath the arc which caused the
incompatible components, such as their K2 O contents, to increase away from the
trench (Wheller et al.. 1986). Lavas from Java are commonly calc-alkaline to 
high-K calc-alkaline rocks with only a minor tholeiitic, shoshonitic and 
leucititic character. Hutchison (1981) also noted good correlations between the
depth of the underlying Benioff zone with the K2 O content, and the Sr isotope
ratio. This correlation is interpreted as indicating a decrease in the volume of 
partial melting of the mande with increasing depth. For example, isotopic data for 
rocks of tholeiitic series have a ^ S r /^ S r  rado ranging from 0.7040 to 0.7045. 
This is lower than the adjacent calc-alkaline rocks which have a ratio ranging 
from 0.7040 to 0.7055. The ratios show a constant decrease from Java to Bali. 
These presumably indicate a gradual transition from continental crustal character 
in the west to oceanic crustal character in the east.
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2.1.4 West Java
The Bay ah Dome is a dome-like structure which is located in the Bayah 
Mountains Range (Fig.2.4a and 2.4b) and posseses a NW-SE trending axis. It 
is composed of three lithological zones as follows:
- Southern zone (A). A sedimentary zone which comprises rocks of Eocene to 
Miocene age; this zone was affected by a late Miocene orogeny which produced 
several faults and folds;
- Central zone (B). A volcanic zone which is mostly occupied by the so-called 
"Old Andesite Formation" (Koolhoven, 1933) of Eocene to Miocene age; It is 
separated from the southern sedimentary zone by a transverse thrust fault;
- Nothem zone (C). A sedimentary zone comprising a basic pyroclastic sequence 
of early Miocene to Pleistocene age which was deposited during a marine 
transgression.
These zones are encircled by intermediate granitic intrusions, such as the 
Cihara and Cipamancalan granodiorites, the Mt.Lukut and Mt. Malang quartz 
diorites, and the Pliocene dacitic extrusions. The study area lies approximately in 
the central zone (B).
2.2 Regional Geology of the Bayah M ountain
2.2.1 Tectonics Evolution of the Bayah Mountains
Landsat imagery (Suwiyanto, 1978) of West Java shows a general 
lineament pattern which has four major directions; N45°, N10°, N210° and 
N2350 (Fig. 2.5a). However, the general geological structure in the Bayah 
Mountains is thought to be offset to this pattern (Fig. 2.5b). This deviation is 
related to the position of the Bayah Mountains between the Bukit Barisan 
Mountain Range in Sumatera and the mountain range in Java (Katili and 
Koesoemadinata, 1962). The deviation has also possibly been affected by local 
tensional forces associated with the development of the Bayah Dome (van 
Bemmelen, 1949). Sunarya (1984) proposed a cauldron system to confirm the 
Bayah Dome theory of van Bemmelen (1949).
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The southern and northern parts of the Bayah Dome (A and C zone in 
Fig. 2.4b) have similar structural patterns that were probably derived as a result 
of a NNE-SSW tangential stress direction. On the other hand, the central 
eruption zone (Zone B) has an elongated dome-like structure with a NW-SE long 
axis. In other words, the general tectonic framework of the Bayah Mountains, 
particularly of the study area, has apparently been affected by both local and 
regional tectonic episodes. The tectonic activity which was active in the Miocene 
may have been renewed by Pleistocene and other later tectonic episodes.
During the Early Tertiary, the development of the active subduction 
system in southern of Java, was probably responsible for the development of a 
parallel series of arc-trench and magmatic zones along the southern coast of West 
Java (Hamilton, 1979). These events have also considerably influenced the 
geology of the Bayah Mountains. Van Bemmelen (1949) suggested that the 
Bayah Dome was initiated in the Early Eocene when the southern part of Bayah 
Mountains, which was recently located in the Pelabuhan Ratu Bay, was a land 
mass of schist. Table 2.1 summarizes the development of the Bayah Mountains.
2.2.2 Folding and Faulting in the Study area
In the study area, faulting occurred over a wide stratigraphic range but 
folding developed only within a restricted number of lithological units. N-S 
compressional stress probably generated the folding and thrust-faulting, whereas 
strike-slip faults developed obliquely at N30° (Moody and Hill, 1956) and dip 
30° to the east. Evidence of E-W folding is found in the Lower Cijengkol 
Formation, the Cimapag Formation and the Pliocene volcanic succession. 
However, no evidence for folding has been observed in the Old Andesite 
Formation. The folds have commonly been disrupted and altered by faulting. 
Quartz vein mineralization in this study area is related to the fault systems.
Major NNE and NNW trending faults have been found in the Old 
Andesite Formation and the Cimapag Formation, for example :
Fault Strike/dip Formation
Cimari-L.Sembada
Cisoge
Cilamak
Lebak Sembada
Ciguha
N25°/35°
N355°/35°
N15°/20°
N5°/30-35°
N320°/60°
Old Andesite
Cimapag
Cimapag
Cimapag
Cimapag
It is thought that the emplacement of quartz veins mineralization following 
the formation of faults resulted from tensional stress associated with 
magmatic intrusions in this area.
2.2.3 General Stratigraphy of the Cikotok Area
The stratigraphy of the Cikotok Area (Sheet 14, Koolhoven, 1933) is 
summarized in Fig. 2.6. This diagram was referred to by van Bemmelen 
(1949) and recently has been reconstructed by Koesoemadinata (1962). 
These references have become essential sources of stratigraphic information 
and are referred to in many unpublished reports.
2.3 Local Geology
2.3.1 The Cikotok area
The Cikotok area (Fig. 2.7) is located in the central part of the Bayah 
Dome. Uplift and erosion since the Tertiary has resulted in some of the 
lithological units being exposed. Recently, the Cikotok Mine area was 
sub-divided into two mining areas, the southern and northern mine areas. The 
mining sites of the northern mining area are located at Cirotan, Cimari and 
Lebaksembada. The mining sites included in the southern mine area are 
Cikebo-Cikaret, Cigaru, Pasir Ela and Cipicung mines.
Rocks in the northern mine area belong to the Old Andesite Formation, the 
volcanic facies of the Cimapag Formation and the Pliocene volcanic rocks which 
crop out in the northeastern comer of the study area. The lithological units in the 
southern mine area consists of the neritic facies (van Bemmelen, 1949) of the 
Bayah and Citarate Formations. Descriptions of the lithostratigraphic units in the 
study area are summarized in Table 2.2.
2.3.2 Geology of the Mineralization Quartz Veins 
The Northern Mine Area
The rock units cropping out in the Cirotan area are the Old Andesite 
Formation, the Cimapag Formation and tuffaceous rocks of the Pliocene 
volcanics. The Old Andesite Formation in this area consists of pyroclastic and 
effusive rocks, such as tuff, andesitic-basaltic conglomerates and breccias. The 
Cimapag Formation consists of tuff, tuffaceous sandstone and slates. Both 
the Old Andesite Formation and the Cimapag Formation have been propylitized, 
silicified and kaolinitized, whereas the Pliocene volcanic rocks are much 
fresher. Quartz veins with sulphide mineralization also occur in the Cimapag 
Formation.
In the Lebaksembada area, the Old Andesite Formation consists of 
intrusive and extrusive volcanic rocks which occasionally alternate with a few 
lenses of sandstone with andesitic fragments. The Cimapag Formation consists 
of tuff and agglomerate.
The Cimari area, tuff and andesitic lavas crop out. The tuff is dacitic in 
composition and have been altered by silicification, chloritization, kaolinitization, 
sericitization and epidotization. The andesitic lavas are more compact and less 
altered.
The Southern Mine Area
In the Cikebo-Cikaret mine, the main lithological unit is the Old Andesite 
Formation. It has been considerably altered and contains fissure-filling quartz
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vein mineralization.
The main lithology unit in the Cigaru is andesite of the Old Andesite 
Formation and has been propilitized. It also contains quartz veins with pyrite 
mineralization.
The Old Andesite Formation and the Bayah Formation are also exposed 
in Pasir Ela mine. The Bayah Formation comprise black shale, alternating with 
sandstone, limestone and occasionally very thin coal seams (limestone and coal 
are not exposed in this area). The Citarucup Formation also crops out in a few 
locations, but does not directly overlie the Bayah Formation (Fig.2.6). However, 
the Cijengkol Formation unconformably overlies the Bayah Formation and the 
limestone facies of the Citarate Formation. The later unit conformably overlies 
the Cijengkol Formation.
In the Cipicung mine, the main wall rock is composed of lava and tuff of 
the Old Andesite Formation which have been altered by propylitization and 
silicification (Mulyadihaija, 1968).
2.4 Mineralization Styles
2.4.1 Métallogénie Provinces of Southeast Asia
Three major and distinctive métallogénie provinces exist in Southeast 
Asia (Hutchison and Taylor, 1978). These are:
a) the Cratonic China Province which is located north of the Red River 
suture and is the world's foremost producer of tungsten and antimony, 
with subordinate tin and mercury;
b) the Sundaland Core Province, which is of Mesozoic age and is the 
world's premier producer of tin with subordinate tungsten and antimony;
c) the volcanic Sunda Island Arc Province, which is of Cenozoic age and 
is a major producer of copper with minor gold and silver; the Cikotok area 
is included in this métallogénie province.
Many earlier workers believed that the Cenozoic volcanogenic-related 
mineralization in the Sunda Island Arc of Indonesia, of which the deposits of the
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Cikotok area are examples, presumably resulted from the complex interaction 
between the Asian Continental and Indian Oceanic crusts.
2.4.2 The Western Sector of Indonesia
The tectonic setting and geological evolution of the western sector of 
Indonesia are intimately related to the movement of the Indian Ocean Plate 
whereas the eastern sector of Indonesia is related to the progression of the Pacific 
Oceanic Plate (Katili, 1975). These complexities are probably related to the 
differences in the style and abundance of mineral deposits between Western and 
Eastern Indonesia. Eastern Indonesia has many more mineral deposits compared 
to Western Indonesia.
The geology and tectonic framework of the western sector of Indonesia, 
however, provides a favourable environment for mineralization. Here, 
calc-alkaline magma derived from the mantle along the Benioff Zone, gave rise 
to mineralization along the west coast of Sumatera and the south coast of Java. 
Stanton (1972) suggested that epithermal quartz-vein gold and silver telluride 
ores are commonly related to subduction zones associated with calc-alkaline 
volcanic rocks, and often occur sub-aerally at high level in the volcanic pile, 
together with porphyry copper deposits. This theory is a useful exploration 
tool, especially in light of the discovery of porphyry copper deposits in Tapada, 
North Sulawesi. So far, porphyry deposits have not been found in either 
Sumatra or Java.
2.4.3 Quartz Vein Mineralization
In the western sector of Indonesia, major gold and silver quartz vein 
deposits occur in Sumatera (at Mangani, Salida and Bengkulu) and in the 
Bayah area of Java. In the Cikotok mine (Bayah area), sulphide bearing quartz 
veins commonly infill structural zones such as faults, shears and joints in 
andesite rocks. These contain base metal sulphides and precious metal minerals. 
The quartz veins occur as single veins, as a series of parallel veins, or as
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stockworks and network breccias. These range from a few millimetres up to 
several metres in width. However, in some places, ore breccias occur and these 
consist of country rocks fragments, mostly silicified claystone sealed by quartz 
veins.
Previous limited studies reported that pyrite is the most abundant mineral 
in the quartz veins and in some locations, for example, the Cimari veins, the 
pyrite forms layers within the silicified breccia rocks.
The next most abundant sulphides were galena, sphalerite and chalcopyrite 
which were widely distributed ore minerals. Veinlets of galena often cut across 
the pyrite, whereas elsewhere very thin veinlets of chalcopyrite were reported. 
The sulphide ore minerals were observed as thin black ribbons and pockets in 
the pyritic and non-pyritic quartz bodies.
The precious metal minerals were thought to be associated with very fine 
argentite and electrum with iron oxides occurring as secondary minerals. 
However, the lateral and vertical distribution of ore minerals was believed to be 
quite irregular and some quartz veins often barren.
In hand specimen, the ores can be divided into two types; the pyritic and 
sulphide ores. In the pyritic ore, pyrite is abundant and occurs as single coarse 
cubes or granular aggregates up to a few centimetres thick. Other sulphides, such 
as galena, sphalerite and chalcopyrite, are minor constituents. Previous workers 
stated that this type of ore contained less precious metal than the suphide ore, 
and in addition, the extraction processes are more difficult.
The sulphide ore is commonly represented by black spots of sulphides 
scattered irregularly through the quartz mass. The banded texture was thought to 
originate from the alteration of sulphide minerals, or bands of carbonate which 
altered to greyish-white loamy masses and dark quartz. This texture is persistent 
although some variation commonly occur because of the alternate arrangement 
of sulphide and carbonate.
Reported chemical analyses of ores from current working mines in the 
southern and northern areas are summarized in Table 2.3. Routine reports show
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that the metal content in the mill feed in the Pasir Gombong Mill Plant, varies as 
follow:
Au ranges between 3 and 1 g/ton 
Ag ranges between 80 and 125 g/ton 
Pb ranges between 1.5% and 3%
Zn ranges between 1.5% and 3%
Cu ranges between trace and 0.2%
The quartz veins mostly occur in the propylitized andesitic rocks with a few 
found in the Eocene sediments. These rocks have probably undergone several 
degrees of alterations, such as chloritization, sericitization, carbonatization and 
silicification. As a result, the texture and structure of these rocks are sometimes 
obliterated into breccia-like textures with some recognisable outlines of relict 
phenocrysts.
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Table 2.1 The development of the Bayah area (from van Bemmelen, 1949)
Age Formation Tectogenesis Volcanism
Holocene Extinct
Late Pleistocene
Quarternary Volcanic
Basaltic and andesitic 
volcanoes (Malang, Endut, 
Halimun)
Early Pleistocene
Deposits
Doming and block faulting of 
the Bayah Complex. Folding 
in the Bogor Zone.
Basaltic andesite dikes & 
necks.
Pliocene andecitic-dacitic
Pliocene Cimanceuri Fm. and 
terrestrial dacitic 
volcanics.
Marginal transgressions on 
the Bayah dome.
intrusions and volcanism 
(around the central Old 
Andesite Complex).
Late Miocene 
Middle Miocene
Land-period of the Bayah 
dome.
Doming up with faulting in 
the central part and folding
Early Miocene 
(Burdigalian)
Badui Formation of the flanks, especially 
in the north (Bogor Zone).
Sareweh Formation Oscillation
Oligo-miocene
(Aquitanian)
Cimapag Formation
Oscillation
Transgression 
Doming up of the Bayah 
tumor after a phase of 
folding and northward
Oligo-miocene Old 
Andesite Fm. with the 
intrusion of andesites, 
dacites, diorites, quartz- 
diorites and granodiorites.
Citarate Formation:
- tuffite complex
- limestone complex
thrusting, especially in 
the southern part; 
shift of the geosyncline 
to the North (Bogor Zone).
Late Oligocene Late Cijengkol
Early Oligocene Early Cijengkol Fm. Transgression
Regression
Paleogene, Old Andesite 
Formation
Late Eocene Citarucup Formation Géosynclinal
subsidence
(andesitic-dacitic)
Early Eocene Bayah Formation:
- northern facies
- southern facies
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Table 2.2 Lithostratigraphic diagram of the Northern and Southern mines, Cikotok area, Bayah (refer to 
Fig. 2.6 and Fig. 2.7).
Age Litho-
stratigraphic
unit
Short description of
Remark
the lithostratigraphic units the fossil content
1. Northern mine area:
Late of Cimapag Fm. Two facies: Lower part is polymict 
Early breccias containing fresh volcanic
Miocene constituents and detritus of older
formations (boulders of limestone, 
marl,mudstone,quartz-sandstone, 
conglomerate,quartz,chert,schist, 
andesite,etc. Upper part is a very 
variable complex of andesitic and 
dacitic volcanic products, which al­
ternate with conglomerate, sand­
stones,clays and occasional reef 
limestones.
Late Old Andesite Andesitic-dacitic lavas and brecci-
Eocene to Formation as contain many dikes and irregu-
Early lar bosses of dacite; altered insitu
Miocene into holocrystalline rock of plutonic
appearance, sometimes aphanitic or 
fine to medium grained amphibolitic 
rocks. Part of fibrous amphibole is 
transfered into yellowish green 
poikilitic hornblende. Original pla- 
gioclase altered into quartz, albite 
and epidote. Augite altered in 
uralitic amphibole. Euhedral albite- 
oligoclase, anhedral quartz, ophit- 
ic texture.
Reef limestone and 
the matrix of breccia 
contain: Nephrolepi- 
dina sp.,Eulepidina 
sp..Spiroclypeus Leu- 
poldi, Miogypsina; 
the matrix of breccia 
also contain\Cycio- 
clypeus sp., and 
Trillina.
Only found in a mar­
ginal belt around the 
Central Bayah Mts., 
forming a complex of 
thick volcanic deposit 
while the surrounding 
belt subsided. 
Disconformably over 
lain by Sareweh Fm. 
(Middle Miocene) and 
underlain by Citarate 
and Old Andesite Fm. 
At this time the gold 
and silver bearing 
quartz-veins were 
formed (Cipicung 
veins).
Erupted duringPaleo- 
gene, intruded by 
Oligo-MioceneGr.dio- 
ritic rocks; silicified 
prophylitic, 
kaolinitic epidote al­
terations, and depo­
sition of fisurefilling 
quartz veinminerali- 
zations.
2. Southern mine area:
Early Citarate Two facies: Upper part is Tuffite
Miocene Formation zone, a complex group of tuffa-
ceous limestones, gravels,congl. 
breccias, sandstones and clastic 
materials derived from the Old 
Andesite Fm.
Lower part is reef limestone 
containing terrigeneous detritus: 
quartz, plagioclase and shale 
fragments.
In reef limestone: 
Cycloclypeus, 
Nephrolepidina, 
Eulepidina, Spiro- 
clypeus, Miogypsina 
and Trillina
This is the oldest base 
ment rocks of the 
area, unconformably 
overlain by Cijengkol 
Fm., conformably 
overlain by Citarucup 
Fm.
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Table 2.2 (continued)
Late Eocene 
to Early 
Miocene
Old Andesite 
Formation
As above As above
Early
Eocene
Neritic 
(Northern) 
facies of the
Clays, marls, quartz sandstones 
and foraminiferal limestones.
Assilina, Pelati spira, 
Discocyclina and 
Canterina.
This is the oldest 
basement rock of 
the area, unconfor-
mably overlain by 
Cijengkol and confor­
mably by Citarucup 
Fm.
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Table 2.3 Summary of precious and base metal values in the Southern and 
Northern Mine areas, The Cikotok Mine (data from the Unit Pertambangan Emas 
Cikotok, 1981)
Short description
A. Northern Mine Area:
Cirotan Mine Samples were collected from working mines at 800L.& 900L. in the 
Old Andesite Fm. Q-vein: N10°/70°, 5 m thick. Main ores: sphalerite, 
galena, chalcopyrite, pyrite containing gold and silver. Probable reserve: 
100.885 ton contains Au av: 2g/ton, Ag av: 102 g/ton, Pb av: 4%, 
Zn Av: 4% and Cu av: 0.12%.
Cimari-Ciseke Q-vein N20°/75°, width: 2.8m, in silicified tuff and contining Au av: 
3.35 g/ton, Ag av: 166 g/ton, Pb av: 1.8%, Zn: 0.5% and Cu less than 
0.1%.
Lebaksembada Samples were taken from working mines at400L.,500L. and 600L. 
Q-vein N190°/70°, in The Old Andesite Fm. width: 1 to 2m, 
containing Au av: 6.4 g/ton, Ag av: 800 g/ton , Pb av: 0.6%, Zn: 
0.8% and Cu less than 0.01%.
B. Southern Mine area:
Cikebo-Cikaret Q-vein N356°/75°, 0.3 tO 0,75 m width in andesitic lava, tuffaceous 
and brecciated rock of the Old Andesite Fm. Highly altered. Au ranges 
from 3.8 to 5 g/ton. Ag ranges from 160 to 260 g/ton. Probable 
reserve: 38,150 ton with Au av: 2.8 g/ton and Ag av: 175 g/ton.
Cigaru Q-vein N75°/30°, in basaltic lava of the Old Andesite Fm. 2 to 5 m 
width. Probable reserve: 115.000 ton with Au av: 2g/ton and Ag av: 2 
g/ton, Pb av:0.1% and Zn av: 0.1%.
Pasir Eia Sample were taken from 1 to 2 m width Q-vein N285°/75° and 
N350°/60 out crops and from 200L Old Dutch's tunnel in tuffaceous of 
the Old Andesite Fm contains Au av: 2.8 g/ton, Ag av: 1000 g/ton, Pb 
av: 0.3%, Zn av: 0.5% and Cu less than 0.01%.
Cipicung Sample were taken from 200L & 300L Old Dutch's tunnels.Q-vein 1 to 
2 m width, N240°/60° in andesitic tuff, strongly silicified, of the Old 
Andesite Fm. containing Au av: 3 g/ton, Ag av: 15 g/ton and low base 
metal values.
Ni
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2 7
r-'jq. 2.3 S c h e m a t i c  s e c t i o n  a c r o s s  Bay ah a r ea ,  Wes t  J a v a  
i n t e r p r e t e d  acco rd ing  to t he  p l a t e  t e c t o n i c  model  
( rn ci d i í i e d f r o m K ùtili. ,  19 7 3 ) .
10 6 ° E 107  E~l----
F ig .  2 . 4 a  P h y s i o g r a p h i c  s k e t c h  o* W e s t  J a v a ,  
In d o n e s i a  ( f r o m  V a n  B m m ele n ,  1 949 ) .
I. Mt .  M a la n g ,  II. Mt.  E n d u t ,  III. Mt.  Ha l imun  ( 1 . 9 2 9 ) ,  IV. Mt .  H a l i m u n  ( 1 . 7 5 0 m ) ,  
1 - C i h a r a  g r a n o d i o r i t e ,  2 . C i p a m a n c a l a n  g r a n o d i o r i t e ,  3 . M t .  L u k u t  a n d  Mt.  
M a l a n g  q u a r t z d i o r i t e , 4 .  B e l t  o f  P l i o c e n e  d a c i t i c  e x t r u s i o n
F ig .  2 . 4 b  P h y s i o g r a p h i c  s k e t c h  o f  t h e  B a y a h  D om e,  
W e s t  J a v a ,  ( a f t e r  v a n  B e m m e l e n ,  1 9 4 9 ) .
2 9
Fig. 2.5a Lineament pattern of West Java, from the Landsat Imagery (from Suwlyanto, 1970).
Fig. 2.5b Sketch of structure geology of the Bayah Region, West Java.
(after Katlll and Koesoemadlnata, 1962J
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GEOLOGICAL MAP OF THE CIKOTOK AREA, BAYAH, 
WEST JAVA, INDONESIA.
M o d if ie d  from  K oo lhoven , 1933; Van B e m m e le n , 1949 and R.P K oesoem  ad in  at a. 1962.
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Chapter 3
METHODS OF INVESTIGATION
3.1 Introduction
Several methods of investigation were used to determine the mineral 
phases and bulk chemical composition of samples both qualitatively and 
quantitatively. The methods of investigation included transmitted and reflected 
white light microscopy, X-ray diffraction (XRD), X-ray fluorescence (XRF), 
atomic absorption spectrometry (AAS) and electron microprobe analysis. The 
nature of the samples and the data expected from each technique were the main 
factors in determining the choice of methods.
3.2 Samples
Samples for this study were collected in the field during December 1984 - 
January 1985. The samples include representative samples from igneous 
intrusions, wallrock samples adjacent to quartz veins and ore samples from 
full sections across quartz veins. The samples were collected from tunnels in 
the Cikebo-Cikaret, Cigaru, Cipicung, Pasir Ela, Cirotan, Cimari and 
Lebaksembada mine tunnels (Table 3.1 and Fig. 3.1). The vertical distance 
between each tunnel is approximately 33 m (100 feet). The number of levels 
indicates the vertical distance (depth in metres) from the surface, taken as datum 
level. Some samples were also collected from outcrops away from the 
mineralized quartz veins.
In the following text all host and/or country rock sample numbers quoted 
refer to the Department of Geology thin section catalogue numbers. Where an ore 
sample is given the number refers to the number of the polished block made 
from the sample. These samples are prefixed by PS. A list of all samples is given 
in appendix 1 and the localities from where they were taken are shown in 
appendices 4 and 5.
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3.3 Sample Preparation
Sample preparation was undertaken at the Department of Geology, the 
University of Wollongong. The selected samples were polished using a 
combination of hand and machine methods utilizing both metal oxides and 
diamond dust as polishing media. The final polish employed gamma-alumina
(A120 3 of 0.05 pm diameter) suspended in water on a nap cloth.
3.4 Point Counting
Point count analysis of all thin sections was carried out using a Swift 
Automatic Point counter with a 12 channels digital memory. The methods for 
point counting have broadly been discussed by many workers, such as Chayes 
(1956) and Chayes and Fairbaim (1951). An average of four hundred points per 
sample was counted in each thin section.
3.5 Ore microscopy
Identification of ore minerals by use of an optical microscope is principally 
based on the qualitative analysis of the physical and optical properties of the 
minerals in a polished block. The theory and procedure for identification has 
been presented in many publications, such as tof Bowie and Simpson (in 
Zussman, 1977). The optical methods provide useful data on the textures 
and structure of the ore minerals present and such information is useful in 
metallurgical studies. These data may reveal the conditions during ore formation, 
processes of deposition and the succession of mineral types, especially the 
evolution in time and space.
3.6 X-Ray Powder Diffraction
Qualitative analysis of selected wallrock samples was carried out using 
X-RD methods. These data supplemented the microscopic study from the same 
samples in order to obtain more detailed information of the identity and 
composition of phases, particularly the clay minerals, which are useful for
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interpretation of alteration types. The main difficulties with powder patterns 
are that more intense reflections may be superimposed over the weaker 
reflections. In these instances, the analyses cannot be used in the identification of 
minerals.
3.7 Atomic Absorption Spectrometry
Several samples were sent to the Societe Generale de Surveillance (SGS) 
Laboratory in Sydney for quantitative determination of various elements by A AS. 
The AAS method is still employed as a tool in exploration geochemistry because 
its operation is simple, it has reliable sensitivity, it covers a large number of 
elements in any sample and is relatively inexpensive. The theory and practical 
procedures of this method are detailed in many publications (e.g., McLaughlin 
1977) .
This method was used in this study to obtain quantitative chemical data 
mainly for Au and Ag but also Cu, Pb, Zn, Mo, Bi, Sb As, Se and Te. The 
limiting factors are that the ore samples examined generally consist of very 
fine-grained minerals with low values of gold and silver.
3.8 X-Ray Fluorescence
XRF spectrometry was carried out on several samples to gain 
quantitative data on the major and trace elements in the host rock samples. Some 
of these analyses were done in the SGS laboratory in Sydney and other 
analyses were carried out in the X-ray laboratory at the Department of Geology, 
University of Wollongong. The background theory, practical techniques and use 
of XRF data in geological samples have been discussed in many publications and 
texbooks, such as those by Norrish and Chappel (1977) and Johanson and 
Maxwell (1981).
The need to have these analyses carried out externally severely limited the 
number of samples to be analysed and also limited the range of elements that 
could be studied.
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3.9 Electron M icroprobe A nalysis
Electron microprobe analysis was carried out in the CSIRO laboratory, 
North Ryde, using C AMEC A MDS 100 equipment. The main aims of this part 
of the study were:
a) to scan selected minerals to obtain information on the distribution of 
particular elements, such as Au and Ag;
b) to estim ate the relative com positions of gold and silver-bearing 
minerals, such as argentite and electrum;
c) to interpret the paragenesis of argentite and electrum.
Such data are also useful in mineral benefication processes.
Many publications on the application of the electron probe microanalyses 
methods in geology are discussed in detailed by Reed and Ware (1975).
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Fig. 3.1. Locat ion map for  samples.
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Chapter 4
PETROGRAPHY AND MINERAGRAPHY
4.1 Introduction
The nature of the Cikotok deposit is such that few fresh rocks occur as 
outcrop. Consequently, a relative deep weathering profile, a result of the humid 
and warm climate, is superimposed on the effect of any hydrothermal alteration 
associated with the mineralization.
Most of the relatively unaltered wall rock samples were believed to have 
been originally extrusive rocks, with a small number of sedimentary origin, such 
as litharenite and tuffaceous. One of the aims of this study is to attempt to 
confirm this hypothesis. Consequently, forty four rock samples were collected 
from country rocks near quartz veins and some rock samples were also 
randomly taken from outcrops within the mining area.
In general, the wall rocks have undergone various forms of hydrothermal 
alteration characterized by the occurrence of minerals such as chlorite, sericite, 
carbonate, clay, quartz and pyrite. Some of the altered wall rock samples still 
have relict phenocryst boundaries and a primary porphyritic texture is inferred for 
these (for instance, sample 5274).
Notwithstanding the alteration to the host rocks, modal analyses of 
minerals were plotted (Appendix 2) on the AQP diagram of Streckeisen (1979) to 
see if the data could be used to determine rock types. Samples of intrusive rocks 
were also taken from outcrops along the Cipamancalan River and from dykes 
near the Cirotan vein in the 800 and 900 level tunnels (Appendix 3).
The ores are mainly base metal sulphides containing gold and silver. The 
base metal sulphides essentially consist of sphalerite, galena and chalcopyrite 
which occur as individual grains monomineralic aggregates or as polymineralic 
intergrowths. The principal mineralization type is the fissure vein type with 
brecciated and massive ore types not uncommon in some parts of the ore body.
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4.2 Petrography of Wall Rocks
4.2.1 Volcanic Rocks
Thin section analyses show that the wall rocks comprise a range of rock 
types including andesites, basalts (Plate l.A) and sedimentary rocks 
including some with a high tuffaceous content (Plates l.B and l.C).
4.2.1.1 Basalt
This rock crops out in some locations, such as in the Cigaru area. It 
appears dark to greenish-grey in hand specimen and in thin section it is mostly 
composed of a fine-grained feldspar groundmass with occasional plagioclase and 
clinopyroxene phenocrysts and rarely quartz and pyrite. The plagioclase has 
partly altered to sericite and clay minerals. Much of the plagioclase is aligned 
subparallel to each other and this is interpreted as flow structure (Plate l.A).
4.2.1.2 Andesite
In hand specimen, the andesites are greenish-grey to light grey in colour 
and have typically porphyritic textures. The groundmass and the phenocrysts 
occasionally exhibit a glomeroporphyritic texture (Plate l.D). The grain size of 
the plagioclase groundmass varies from medium- to very fine-grained indicating 
a differential cooling or solidification/crystallization condition. The plagioclase 
phenocrysts are sometimes fractured by deformation (Plates l.E and l.F) with 
chlorite, sericite or calcite in-filling the fractures. Carlsbad and albite twins are 
common.The phenocrysts are often zoned with the core more calcic in 
composition as indicated by the presence of carbonate alteration in the core. The 
ratio of plagioclase to the alkali feldspar is usually about 8:1 to 10:1, hence the 
lavas are of quite basic composition.
Less abundant phenocrysts include alkali feldspar, pyroxene, quartz and 
opaque minerals. Subhedral alkali feldspar phenocrysts are clear to cloudy in 
appearance, averaging 0.2 mm in diamater. A few of the grains are corroded. 
The percentage of alkali feldspar in the volcanic rocks is less than 10 percent
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and it also occurs within the groundmass.
Clinopyroxene is found as euhedral to subhedral grains averaging 0.3 
mm in diameter. The clinopyroxene is thought to be primarily augite. A rim of 
iron oxide sometimes encircles the clinopyroxene grains and is typically yellow 
to reddish-brown in colour. Fractures in the pyroxenes may represent the 
feeding channels for the solution which invaded the pyroxene.
Amphibole phenocrysts are euhedral to subhedral averaging 0.25 mm in 
diameter and are commonly altered to green chlorite (Plate l.G) which 
pseudomorphs the original outline of the amphibole.
Quartz in the host rocks is commonly anhedral, fine-to medium-grained 
and dispersed throughout the plagioclase-rich groundmass. The quartz is 
embayed with in some cases rare corrosion rims.
The groundmass consists of micro-crystalline plagioclase and alkali 
feldspar, with micro-amygdales filled with chlorite (Plate I.H). The cavities in 
the groundmass may have formed as gas escape structures during the 
consolidation of the lava. The cavities which are commonly lined, or infilled with 
chlorite minerals, may have acted as channels for the infiltration of solutions after 
the rocks formed. These solutions are known to cause annealing or deformation 
of the groundmass after crystallization. The micro-crystalline plagioclase in the 
groundmass exhibits subparallel alignment suggesting flow structure (Plate l.A).
Opaque minerals are ubiquitous and they are sometimes concentrated in 
veinlets, in which they are accompanied by secondary quartz. Pyrite is the 
dominant opaque mineral, but magnetite is also present. Both often occur as 
minor phases interstitial to the plagioclase-rich groundmass. The opaque minerals 
sometimes replace pyroxene (Plate 2.A).
Sericite is a common secondary alteration mineral throughout the host rock 
samples. It normally occurs as the alteration product of plagioclase and to a lesser 
extent, alkali feldspar. Chlorite is another alteration mineral which is principally 
present as pseudomorphs after ferromagnesian minerals and plagioclase (Plate 
2.B). Epidote occurs as an alteration mineral in some plagioclase and
41
ferromagnesian minerals (Plate 2.C). It also occurs as aggregates. Apatite is 
present as tabular crystals within the quartz grains and plagioclase phenocrysts 
(Plate 2.D), and is sometimes aggregated in clusters.
Veinlets of quartz are often associated with the alkali feldspar (which is 
probably adularia as indicated by its optical properties). Quartz veinlets also 
contain cubic pyrite and are sometimes transected by later-stage chlorite veinlets 
(Plate 2.E).
4.2.1.3 Tuffaceous Rocks
The tuffaceous rocks are greyish-brown to bleached white in colour and 
are commonly altered to clay minerals or a silicified rock containing quartz, 
plagioclase and clinopyroxene. These minerals occur as subhedral to anhedral 
grains, averaging 0.2 mm in diameter. Plagioclase has albite twinning. 
Alkali-feldspar is also present with corroded edges. Quartz is angular and 
commonly embayed.
The matrix is probably derived from volcanic glass as indicated by the 
presence of spherulitic textures (Plate 2.D) which are composed of intergrowths 
of alkali-feldspar and quartz, and were found in a few samples. The matrix also 
contains sericite and other clay minerals. Veinlets of quartz with pyrite also 
occur. Kerr (1959) suggested that these textures are derived from devitrification 
of volcanic glass and a similar origin is suggested for the spherulitic textures in 
the Cikotok samples.
4.2.2. Sedimentary rocks
Mesoscopically the sandstones are light to dark grey in colour and are 
medium-to fine-grained. They are composed of rounded to subrounded quartz 
grains, averaging 0.2 mm in diamater, which constitute up to 80 percent of the 
bulk rock (Plate l.B). The matrix is usually tuffaceous. The compositions of 
sandstones examined plot as sublitharenite under the Folk classification (Folk, 
1974). Other components include large tuff fragments, microcrystalline feldspar,
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altered ferromagnesian minerals, calcite and sericite (formed by the alteration 
of tuff fragments). Quartz grains rarely contain apatite prisms. The sandstones 
are interpretated as detrital sediments derived from reworked granitic and 
pre-Tertiary rocks. The sandstone may be equivalent to the Cicarucup Formation 
and, in some places has been reported to have an interdigitating relationship with 
the Old Andesite Formation (Koolhoven, 1933).
4.2.3 Intrusive Rocks
The intrusive rocks include granodiorite from the Cipamacalan River and 
andesitic dyke rocks which are found in tunnels at the 800 and 900 levels of the 
Cirotan Mine. Andesitic dykes are also found in Cikebo and Lebaksembada, but 
were not sampled.
4.2.3.1 Granodiorite
Granodiorite is exposed in a small intrusion along the Cipamancalan River 
(Koolhoven, 1933), south of the Cirotan Mine. Mesoscopically, it is green to 
reddish-grey, coarsely to finely holocrystalline and occasionally contains calcite 
veinlets.The major minerals are plagioclase, quartz, alkali feldspar and pyroxene.
The plagioclase is euhedral to subhedral, medium to fine-grained and 
averages 1.5 mm in diameter. It is mainly of andesine composition, and is 
sometimes zoned. Observations of the variation in the extinction position show 
that the central part of the crystal is, in part, discontinously zoned, having a 
homogenous core mantled by a more sodic rim. The outer rim is continous. 
Twins are mostly of the albite or Carlsbad type with rare pericline twinning.
The alkali-feldspars are subhedral to anhedral grains with occasional 
zoning. The grain size ranges from 1.2 to 0.6 mm, with an average of 0.8 mm in 
diameter. The alkali-feldspar is altered to sericite or is partly replaced by 
secondary quartz.
Primary quartz is interstitial to the other minerals. It is anhedral, and 
mostly has a granophyric texture (Plate 2.G), forming intergrowthswith feldspar.
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The ferromagnesian minerals are mostly clinopyroxene and have altered to 
chlorite, tremolite-actinolite and epidote. Apatite occurs in plagioclase and quartz 
as tabular or acicular crystals.Plagioclase and clinopyroxene are also altered to 
epidote.
4.2.3.2 Andesitic intrusion
Andesitic rocks are also found as dykes near the quartz veins in tunnels at 
the 800 and 900 levels of the Cirotan Mine and as a small outcrop near the 
Cikotok vein.This rock, mesoscopically, is dark grey in colour. Microscopically, 
it has a hollocrystalline texture and is composed of equigranular plagioclase, 
alkali-feldspar, ferromagnesian minerals and minor quartz.
The plagioclase ranges in diameter from 0.6 to 1.8 mm (average 0.8 
mm). It is euhedral to subhedral and is often fractured. Oscillatory zoning has 
been identified (Plate l.F), but the compositional trend is difficult to ascertain 
and, hence, it could not be determined whether normal or reverse oscillatory 
zoning is present. The oscillatory zoning could be formed by changes in pressure 
as advocated by Carr (1954), chemical composition fluctuations, temperature 
differences and other factors.
The oscillatory zoning in this study, is found in the plagioclase phase. It 
is characterized by a concentric zonal series having irregularly alternating 
chemical compositions. In oscillatory zoning the growth begins with the 
formation of a nucleus followed by subsequent zones formed as the composition 
of the melt changes. Thus oscillatory zoning occurs when the environments of 
crystallization change.
Earlier investigations of oscillatory zoning suggested that changes in 
chemical composition and temperature are associated with convection currents, 
energy release by gas explosions during volcanic eruptions or pressure. 
Temperature changes could be derived from the friction associated with deep 
faulting (Augustithis, 1978). All of these factors could have influenced the 
formation of the oscillatory zoning in the plagioclase phase in the study area. The
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geological evolution of the Bayah region (see Chapter. 2) would have provided 
conditions in which any one or all of the above factors could have been 
responsible for the oscillatory zonation.
The ferromagnesian minerals are commonly clinopyroxene with minor 
hornblende. Most grains have been altered to sericite, chlorite or tremolite- 
actinolite. The tremolite-actinolite is characterized by fibrous acicular crystals 
which commonly have a semi-radiating texture.
Quartz and calcite veins are common and contain abundant opaque 
minerals. Alteration minerals, including sericite and calcite both infill fractures. 
Calcite also develops as sparry calcite replacing plagioclase (Plate 2.G). Chlorite 
also commonly replaces plagioclase and is frequently seen in the inner core of 
the minerals.
4.3 Mineragraphy of Sulphide Minerals
Based on hand specimen characteristics, the mineralization in this area 
can be grouped into three main distinctive ore types. These are:
1) Fissure vein ore (Plate 3. A),
2) Brecciated ore (Plate 3.B), and
3) Massive ore (Plate 3.C).
4.3.1 Fissure Vein Ore
The fissure vein ore is the principal ore type and consists of single and 
composite veins. The width of the fissure veins range from as narrow as a few 
centimetres up to several metres (for example, the Cirotan vein is up to 10 metres 
wide) and are of considerable length, commonly with a deep, steeply dipping 
vertical extension.
The predominant mineral in this type of ore is pyrite with subordinate 
sphalerite, galena, chalcopyrite, lesser amounts of argentite and electrum, and 
iron oxides. Quartz is the main gangue mineral but carbonate is also present. In 
general, two types of sulphide mineralization can be recognized in the fissure
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veins; "pyritic" ore and "sulphide" ore.
In the pyritic ore, pyrite is dominant, and other sulphide minerals only 
occur in trace quantities. Pyrite is always coarsely crystalline, and consists 
commonly of granular aggregates up to a few centimetres thick. Quartz is also 
largely crystalline, and freely develops in cavities, except within the crusts close 
to the walls where it is often cryptocrystalline. Adularia is often associated with 
the quartz veins and carbonate occurs in trace amounts only.
The sulphide ore is characterized by black ribbons composed of sulphide 
as well as the alteration products of diffuse sulphide minerals and carbonates. 
Chemical analyses have proven, as has petrography, that these black ribbons 
within the veins contain much of gold and silver. Argentite and electrum 
minerals are abundant in these ribbons.
The sulphide ore has banded and unbanded textures. In samples with an 
unbanded texture, the very fine-grained sulphide minerals are irregularly 
scattered and in hand specimen, these appear as minute black spots. Pyrite is a 
trace mineral.
In summary, the main differences between the pyritic and sulphide ores 
are the presence of carbonate and smaller quantities of pyrite in the sulphide ore 
compared to the pyrytic ore.
The fissure vein assemblages often show primary textures typical of 
open-space deposition from hydrothermal solutions. They are characterized by 
the formation of crystals with well-developed shapes to form combs and 
colloform banding crustification structures. All of these structures are found in 
scales ranging from mesoscopic to microscopic.
4.3.2 Brecciated Ore
The brecciated ore is characterized by precipitation of the ore between 
wall rock fragments resulting in cockade structures. This type of ore also has 
similar crustification features as found in the fissure vein ore. The most common 
mineral is pyrite and it is associated with other sulphides, such as galena,
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sphalerite and chalcopyrite. In some cases, the galena and sphalerite association 
is the dominant assemblage. Cubic or pyritohedral pyrite occurs within the 
breccia fragments. This form of pyrite is probably an earlier stage mineral not 
related to the mineralization. The anhedral form of pyrite originated from the 
replacement of ferromagnesian minerals by hydrothermal solutions passing 
through the wall rock.
4.3.3. Massive Ore
The major minerals in the massive ore are galena and sphalerite in 
association with subordinate pyrite and chalcopyrite. Occasionally, the pyrite is 
the major mineral and exhibits a banded texture. Only minor amounts of galena 
and sphalerite are present where pyrite is dominant. This indicates that this 
secondary pyrite formed later than galena or sphalerite. Small-scale, fold-like 
structures are sometimes observed in the massive banded pyrite, a feature which 
indicates the effect of post-mineralization deformation. Comb-like structures that 
occur in the previous ore type are common.
4.3.4 Other ore types
Fragmental ores are also found. These are composed of sphalerite, galena 
or massive pyrite fragments sealed with quartz which fills cavities between the 
ore fragments.
Another ore type, of limited occurrence, has been reported by previous 
workers. This is disseminated ore which is only rarely found in the samples 
examined. Gold was not found in any of these types of ore.
4.3.5 Features of the Veins
Porosity is an important requirement if ore-bearing solutions are to pass 
through rocks and eventually precipitate minerals in the cavities. The cavity 
filling mechanism virtually includes two separate processes; the formation of the 
initial opening and the precipitation of the ore minerals. Both processes may
4 7
occur almost simultaneously but in other cases they may be independent events 
because of temporal relationships or chemical incompatibility. Normally, the 
earliest formed minerals precipitate initially in the rock openings adjacent to the 
walls of the rock mass and are accompanied by subsequent mineral precipitation 
to fill the remaining spaces.
The ore-bearing solutions may be composed of single or mixed 
composition. Deposition from a homogenous ore solution is thought to result in 
the formation of massive ore. Crustification structures should occur since 
successive precipitation from different ore-bearing solutions results in later 
minerals being deposited over the earlier forms. This process is sometimes 
repeated resulting in complete filling of the cavity. These structures can be 
symmetrical, with a similar crust on both sides of the wall, or asymmetrical 
with unlike layers on the wall. Asymmetric structures probably indicate 
reopening of the fissure during ore deposition. If the ore-bearing solutions 
penetrate the wall rocks and minerals are precipitated between the fragments of a 
brecciated rock, the brecciated ore will be formed.
The brecciation of the wall rocks, in broad terms, may result from 
volcanism, caldera collapse or shattering. The angular wall rock fragments of the 
breccia result in a large number of openings (and hence high porosity) that 
allows the ore-bearing solutions to pass through and precipitate minerals in them. 
The breccia mineralization indicates that deformation occurred before the ore 
precipitation.
The fragmental ore forms if the massive ore type undergoes deformation 
during or after ore deposition. Angular rock fragments are cemented together as 
quartz is precipitated between the ore fragments.
The disemminated ore commonly consists of scattered idiomorphic cubic 
pyrite, embedded in silicified rocks. These textures are believed to indicate a 
secondary origin.
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4.4 Sulphide Minerals
Mineragraphic examination of polished blocks established that pyrite, 
sphalerite, galena, chalcopyrite, argentite, pyrargyrite, covellite, electrum and 
iron oxides are the constituent minerals in the ores. The gangue minerals mainly 
comprises of quartz with carbonate, breccia fragments of the hostrock, chlorite 
and sericite.
4.4.1 Pyrite
Pyrite is the most common sulphide mineral and it occurs in almost all 
types of ore and in most samples. It is medium- to fine-grained, ranging from
0.05 to 0.4 mm in diamater. The crystals are euhedral to subhedral and are of 
isolated cubes, or more typically as octahedron crystals (sample 50). Some pyrite 
also occurs in intergrowths or in replacement relationships with other sulphides 
(such as with chalcopyrite, in Plate 3.D, or with sphalerite and galena, in Plate 
3.E). The aggregates of pyrite often resemble a dendritic pattern (Plate 3.F) and 
sometimes have a fan-shaped pattern ranging from 0.08 to 0.1 cm wide and from 
0.1 to 0.3 cm long. This arrangement of grains is described by Ramdhor (1969) 
as flathy-flowery texture and was interpreted as indicating a colloidal deposition 
product.
Cataclastic or broken pyrite, which is probably formed during 
deformation, is often observed as coarse-grained aggregates. The interstices 
between pyrite grains are filled with other sulphides, such as galena and 
sphalerite. Cataclastic or brittle failure (sample PS70) occurs particularly in 
coarse grained pyrite, with axial cracking along the (001) or (110) planes. 
Sarkar et al. (1980) suggested that pressure solution and concommitant grain 
boundary sliding are more common in fine grained samples, with the formation 
of elongated pyrite grains in some deformed ores, whereas Cox et al. (1981) 
postulated that pyrite can also be deformed by dislocation processes. Both forms 
of pyrite deformation are observed in some Cikotok samples.
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Pyrite is occasionally corroded and filled with quartz, carbonate or other 
base metal sulphides (Plate 5.C). Some pyrite remnants within other included 
minerals are interpretated as the final stages of replacement. Galena and 
chalcopyrite replace pyrite along the crystal boundaries to form boxwork textures 
(Plate 3.G). They are thought to be produced by secondary leaching processes. 
A similar association with sphalerite was also observed (Plate 5.C).
4.4.2 Sphalerite
Sphalerite commonly occurs as irregular masses which are widespread in 
all ore types. It also occurs in minor amounts as medium-sized grains surrounded 
by a quartz matrix. The relationships between sphalerite and other sulphides are 
complex. Many pyrite, galena and chalcopyrite remnants are enclosed within 
sphalerite masses. This is probably evidence that sphalerite is the last formed 
sulphide (Plate 3.H). Small grains of argentite are sometimes found in the 
sphalerite (Plate 4.A). In other cases, irregularly- shaped sphalerite is also found 
interstitial to galena in fractures or as essentially monominerallic veinlets between 
cataclastic pyrite fragments. The sphalerite often contains tiny randomly-oriented 
or subparallel chalcopyrite inclusions (Plate 4.B) and also galena exsolution 
blebs (Plate 5.A). These textures indicate that chalcopyrite and galena were 
formed at the same time as the sphalerite.Thus, with respect to galena there may 
have been two stages of precipitation - a major phase prior to the formation of 
sphalerite and a second phase (but minor phase) at the same time as the spalerite. 
The deep red to yellowish red internal reflection in sphalerite is an indication of 
high iron content. High Fe is especially abundant along the sphalerite crystal 
boundaries.
4.4.3 Galena
Galena occurs in all types of ores and is predominantly found as 
irregularly-shaped grains ranging from 0.02 to 0.5 mm in diameter. Galena is 
the major constituent of massive sulphide ores from the deep tunnels in Cirotan
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(sample PS 132) and Lebaksembada mines. It also occurs as an infilling 
between quartz grains and within fractures in pyrite. Galena often contains 
inclusions of tetrahedrite. In the samples from the Cikebo Mine (Samples PS 11 
and PS 14) the ore is almost exclusively galena. Veinlets and replacement 
remnants of pyrite are often found in galena. Galena is also replaced by 
chalcopyrite and later stage sphalerite (Plates 4.C and 5.D). In rare instances, 
galena exsolution blebs occur in sphalerite (Plate 5.A). In another sample, 
sphalerite contains veins of galena (Plate 4.D). Deformed galena was observed in 
the massive ore (Plate 5.B).
4.4.4 Chalcopyrite
Chalcopyrite is also a common and widely-spread mineral occurring in all 
types of ore. The percentage of chalcopyrite does not exceed that of other base 
metal sulphides. Chalcopyrite occurs as anhedral grains, ranging from 0.08 to 
0.12 mm in diameter. One of the more important occurrences of chalcopyrite, 
described in the previous sections, is the exsolution assemblages. Craig and 
Vaughan (1981) described chalcopyrite exsolution bodies as "chalcopyrite 
disease" and maintained that such assemblages indicated exsolution during the 
cooling stages. Chalcopyrite is sometimes rimmed by argentite (Plate 4.E ).
4.4.5 Other minerals
Argentite occurs within the quartz gangue and also with other sulphides 
(Plate 4.F). The size of argentite grains varies from 0.001 mm to 0.01 mm in 
diameter. In sample PS 11 the intimate coexistence of argentite and electrum is 
obvious (see section 4.6).
Pyrargyrite was observed, although rarely, as small exsolution blebs 
within galena or as intergrowths in chalcopyrite.
Electrum was identified as very small grains in association with argentite 
(of about 0.1 mm diameter) in several samples, especially one sample of 
non-banded sulphide quartz vein (Plate 4.G) from the Cikebo Mine. The vein
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comprises black spots within the milky fine-grained quartz.
Covellite and malachite occur as secondary minerals in some near-surface 
samples. These minerals are commonly found along the boundaries of sphalerite 
or galena (Plate 4.H).
4.5 Electron Microprobe Scanning Technique
Limited previous geochemical studies indicated an association between 
silver and gold but petrographic studies were not able to positively confirm this 
association.
In this study, many samples from all ore types were initially examined 
with reflected white light. Although many small grains were believed to be 
electrum, the extremely small size of most prohibited positive identification. 
Consequently, five polished samples with abundant "electrum" were examined 
using the Cameca electron microprobe at CSRIO, North Ryde. Qualitative
identification by rapid scanning with the electron microscope showed that the 
gold is contained in electrum, and that silver is present as argentite. This 
association was readily observed in sample PS 11, which was taken from the 
tunnel on the 200 level in the Cikebo Mine. This sample is of the unbanded 
diffuse sulphide type which contains mostly galena with small amounts of 
pyrite.
Plates 4.E, 4.F and 4.G are photomicrographs which show the argentite 
grains in association with the sphalerite, chalcopyrite, pyrite and electrum. The 
argentite has an irregular shape and has a diameter of about 100 microns. Smaller 
interstitial argentite grains occur near pyrite boundaries. Plate 6. A shows another 
field where the chalcopyrite is rimmed by argentite.
The electrum is closely associated with argentite grains as shown in Plate 
6.A. It occurs as anhedral grains of less than 100 microns in diameter in 
juxtaposition with the argentite grains.
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Electron beam scanning images of Au Ma and Ag Ka (Plates 6 .C, 6 .D, 
6 .G and 6 .H) show the distribution of gold and silver in the same field. Silver is 
mainly distributed within the argentite grains, with a minor amount of silver 
within the electrum grain, and as shown in Plate 6 .C, trace amounts in the 
chalcopyrite. Gold was almost entirely located in electrum grains with minute 
amounts in the argentite.
The distribution of Au and Ag is also clearly shown in the step scan across 
the argentite and electrum grains (Fig.4.1). The scan reinforces the argument that 
the argentite has a very high concentration of silver while the electrum grains 
contains lesser amounts. There is a small, but a marked increase in the silver 
content at one edge of the electrum grain.
From the same scan, it can be seen that most of the gold is contained 
within electrum. There is a decrease where the silver level increases. The 
dramatic decrease in the gold levels of the electrum grains, adjacent to the high 
silver boundary, is interpreted as a small inclusion, probably quartz (D.French, 
CSIRO; pers. comm).
The above observation are important for the following reasons:
1 . it establishes beyond doubt, that most of the gold and silver are distributed 
and located within electrum and argentite respectively, and these data can be 
used in later metallurgical studies;
2. this petrographic data, together with geochemical data (Chapter 6 ), 
establishes the ore types in which the high gold and silver levels are 
located (that is, in the sulphide-rich ores) and mining programmes can be 
improved; and,
3. the distribution of gold and silver is very important in studies on the 
genesis of these deposits.
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4.6 Paragenesis
Petrographic data is extremely useful in establishing the timing of 
mineralization. Most workers believed that processes of ore deposition in the 
Cikotok area probably accompanied the local orogenic events. These events 
produced the volcanism and magmatic intrusions, and this igneous activity gave 
rise to hydrothermal ore-bearing solutions which produced the ore minerals. 
However, evidence for a direct relationship between the intrusions and ore 
mineralization was not clearly defined.
The petrographic data from this study may resolve some of the apparent 
problems, especially the data from the quartz veins.
In general, the mineralization in this study area occurred in at least three 
stages. The first stage was the formation of fine-grained quartz and coarse pyrite 
aggregates adjacent to the walls of fractures. Locally, these aggregates have been 
subjected to deformation and corrosion, as indicated by the presence of fractured 
grains of pyrite. These fractures were often sealed by later stage minerals, such 
as pyrite, galena, chalcopyrite or sphalerite.
The second stage of mineralization was the deposition of chalcopyrite, 
galena and sphalerite. In sample PS 11 (Plate 4.a), the sphalerite phase contains 
exsolution blebs of galena and chalcopyrite. This indicates that these three 
minerals, at least in this association, were formed simultaneously. Furthermore, 
the textural relationships indicate that the aggregates were effected by 
deformation. Hence mineralization predates deformation.
The last stage of mineralization is the precipitation of colloform pyrite, a 
late-stage sphalerite, argentite, tetrahedrite, pyrargyrite and electrum. In this 
phase of mineralization, the sphalerite replaces the earlier-formed pyrite, 
chalcopyrite and galena.
The rims of argentite around chalcopyrite indicates that the silver is younger 
than the chalcopyrite. This textural relationship also indicates that the argentite 
may be replacing the chalcopyrite. Furthermore, since the electrum and argentite 
are clearly interstitial to sphalerite, pyrite and quartz, it is now established that
5 4
both electrum and argentite were precipitated later than other sulphides. This 
information is a useful in predicting likely temperature and pressure controls. 
The galena veinlets in sphalerite indicate that some galena also formed at a later 
stage.
Oxidation of the ore body during weathering resulted in the formation 
covellite, malachite and iron oxides. The boxwork texture in pyrite aggregates is 
evidence for secondary leaching by acid groundwaters.
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Plate 1
A. Transmitted light photomicrograph of basalt (sample 5317), showing flow 
structures of plagioclase; in the centre is a clinopyroxene coated with 
Ti-oxide. (x-polars; F.L. = 1.3 m m ).
B. Transmitted light photomicrograph of a litharenite (sample 5313) from the 
Cicarucup Formation. Q = quartz, Py = pyrite. (x-polars; F.L. = 3.5 
mm).
C. Transmitted light photomicrograph of tuff from the Citarate Formation 
(sample 5309). Q = embayed quartz; PI = plagioclase; Cc = calcite vein, 
(x-polars; F.L. = 3.2 mm).
D. Transmitted light photomicrograph of an igneous rock (sample 5323) from 
the Old Andesite Formation showing glomerophorphyritic texture. PI = 
plagioclase; Px = clinopyroxene. (x-polars; F.L. = 3.5 mm).
E. Transmitted light photomicrograph of sample 5323, showing a close-up of 
deformed plagioclase. PI = plagioclase. (x-polars; F.L. = 1.2 mm).
F. Transmitted light photomicrograph of sample 5323, showing an oscillatory 
zonation in a plagioclase phenocryst (PI); with calcite (C), chlorite (Cl), and 
sericite (Sc) infilling fractures, (x-polars; F.L. = 1.3 mm).
G. Transmitted light photomicrograph of altered andesite (sample 5305) from 
the Old Andesite Formation, showing hornblende (Hbl) which has been 
altered to chlorite and sericite. Sericite (Sc) is also developed in the 
groundmass. (x-polars; F.L. = 2.8 mm).
H. Transmitted light photomicrograph of altered andesite (sample 5317) from 
the Old Andesite Formation, showing amygdaloidal structures infilled by 
chlorite (Cl). The groundmass consists of plagioclase, sericite (Sc), calcite 
and Ti-oxide (small red spots), (x-polars; F.L. = 0.6mm).
PLATE 1
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PLATE 2
A. Transmitted light photomicrograph of an altered basalt (sample 5306), 
showing replacement of pyroxene by magnetite (Mg) and epidote. (x-polars;
F.L. = 2.75 mm).
B. Transmitted light photomicrograph of an andesite (sample 5317), showing 
replacement of plagioclase by chlorite (Cl), (x-polars; F.L. = 0.55 mm ).
C. Transmitted light photomicrograph of an altered pyroxene (sample 5314), 
showing zone of epidotization. Epidote = Ep (x-polars; F.L. =1 mm).
D. Transmitted light photomicrograph of an andesite (sample 5306), showing 
acicular apatite (Ap) in plagioclase and quartz grains, (x-polars; F.L. = 3.2 
mm).
E. Transmitted light photomicrograph of an altered andesite (sample 5311), 
showing a quartz veinlet (q-vein) transected by a later chlorite veinlet (Cl). 
Pyrite aggregates are developed within the quartz veinlet. (x-polars; F.L. =
3.3 mm).
F. Transmitted light photomicrograph of tuff (sample 5303) from the Cimapag 
Formation showing spherulitic texturesin a glassy groundmass. Py = pyrite, 
(x-polar; F.L. = 3.1 mm).
G. Transmitted light photomicrograph of a granodiorite (sample 5312), 
showing granophyric textures and intergrowths of quartz and K-feldspar. 
(x-polars; F.L. = 2.5 mm).
H. Transmitted light photomicrograph of the andesite (sample 5321), showing 
sparry calcite (Cc) replacing plagioclase. (x-polars ; F.L. =1.5 mm).
PLATE 2
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PLATE 3
A. Photograph of vein type ore, showing black layers of disseminated 
sulphides and crustification structure in quartz vein.
B. Photograph of breccia ore, showing argillic and silicified alteration. Sample 
is from the Cirotan Mine. (F.L = 50cm).
C. Photograph of massive ore, from 800 L. of the Cirotan Mine, showing 
sphalerite and galena aggregates.
D Reflected white light photomicrograph of sample PS 132, showing the 
relationship between pyrite (Py) and chalcopyrite (Cp). (x-polars; F.L = 0.4 
mm).
E. Reflected white light photomicrograph of sample PS53, showing the 
relationship between pyrite (Py), galena (Gn) and sphalerite (Sp). The 
pyrite is replaced by galena and sphalerite, which contains chalcopyrite 
inclusions, (x-polars; F.L. = 2.2 mm).
F. Reflected white light photomicrograph of sample PS63, showing dendritic 
texture of pyrite aggregates. Py = pyrite, Q = quartz (oblique-polars; F.L. 
= 2 . 2  mm).
G. Reflected white light photomicrograph of sample PS44, showing boxwork 
texture of corroded pyrite (Py) infilled with galena (Gn) and chalcopyrite 
(Cp) along the crystal boundary (x-polars; F.L. = 0.57 mm).
H. Reflected white light photomicrograph of sample PS 69, showing galena 
(Gn) and chalcopyrite (Cp) replaced by sphalerite, and chalcopyrite 
replacing galena also pyrite (Py). (x-polars, F.l =1.0 m m ).
PLATE 3
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Plate 4
A. Reflected white light photomicrograph of sample PS 17, showing exolution 
of galena and chalcopyrite (Cp) within a sphalerite groundmass. (x-polars; 
F.L. =1.6 mm).
B. Reflected white light photomicrograph of sample PS61, showing the 
relationship between sphalerite (Sp) and pyrite (Py). Sphalerite contains a 
lot of tiny anhedral exsolution blebs of chalcopyrite (x-polars, F.L = 0.50 
mm).
C. Reflected white light photomicrograph of sample PS 129, showing the 
relationship between pyrite (Py), galena (Gn) and chalcopyrite (Cp). Galena 
appears to replace chalcopyrite. (x-polars, F.L. = 0.50 mm).
D. Reflected white light photomicrograph of sample PS 64, showing sphalerite 
(Sp) with a vein of galena (Gn). (x-polasrs, F.L. = 0.45 mm).
E. Reflected white light photomicrograph of sample PS 11, showing the 
relationship between chalcopyrite (Cp), galena (Gn) and argentite (Arg). 
Galena is preserved in the chalcopyrite phase. The chalcopyrite is rimmed 
by argentite. (x-polars, F.L. = 0.45 mm).
F. Reflected white light photomicrograph of sample PS 11 showing a different 
field and demonstrating the relationship between chalcopyrite (Cp), 
argentite (Arg), galena (Gn) and sphalerite (Sp). (x-polars, F.L. = 0.45 
mm).
G. Reflected light photomicrograph of sample PS 11 showing the 
relationship between chalcopyrite (Cp), argentite (Arg) and electrum (El); 
also covellite (Cv). (x-polars, F.L. = 0.35 m m ).
H. Reflected white light photomicrograph of sample PS 11, showing the 
relationship between pyrite, galena (Gn), and chalcopyrite (Cp). Covellite 
(Cv) is developed around chalcopyrite. (x-polars, F.L. = 0.15 mm).
PLATE 4
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Plate 5
A. Reflected white light photomicrograph of sample PS 128, showing oriented 
galena blebs within a sphalerite mass, (x-polars, F.L = 0.11 mm)
B. Reflected white light photomicrograph of sample PS 117, showing deformed 
galena (Gn) and later stage sphalerite (Sp). (x-polars, F.L = 0.45 mm).
C. Reflected white light photomicrograph of sample PS 17, showing earlier - 
formed pyrite (Py) replaced by galena (Gn) and containing veins of 
sphalerite (Sp). (x-polars, F.L. = 0.41 mm).
D. Reflected white light photomicrograph of sample PS55, showing the 
association between pyrite (Py), sphalerite (Sp) and galena (Gn). Sphalerite 
appears to replace the galena, (x-polars, F.L. = 0.35 mm).
PLATE 5
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Plate 6
A. Photomicrograph of a field showing sphalerite (Sp), chalcopyrite (Cp) and 
argentite (Arg). Note the replacement of chalcopyrite by argentite (bar 
scale = 1 0 0  |i).
B . Photomicrograph of sphalerite (Sp), pyrite (Py) and argentite (Arg). Note 
the argentite near sphalerite (bar scale = 1 0 0  |i).
C . Electron photomicrograph scanning image of Ag Ka showing the distribution 
of silver in the argentite grains in A.
D . Electron photomicrograph scanning image of Ag Ka showing the distribution 
of silver in the argentite in B.
E . Photomicrograph of argentite (Arg), chalcopyrite (Cp) and electrum (El) in 
sample PS 11, Cikebo Mine (50 X magnification; X-polars; field width = 
0.4 mm).
F. Electron photomicrograph of argentite, chalcopyrite and electrum for the
same field as in E above (field width = 0.4 mm).
G . Electron photomicrograph scanning image of Ag Ka showing the 
distribution of silver (white dots) in the argentite-chalcopyrite-electrum 
assemblage shown in F. Note the occurrence of silver in the electrum 
(field width = 0.4 mm).
H . Electron photomicrograph scanning image of Au Ma showing the 
distribution of gold in the argentite-chalcopyrite-electrum shown in F(field 
width = 0.4 mm).
PLATE 6
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co
Fig. 4.1 A 140 micron traverse  across the one part of argentita  and e lectrum gra ins 
In the sample 11 from Clkebo mine, Clkotok Area.
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Chapter 5 
ALTERATION
5.1 Introduction
Most of the samples studied in thin section have undergone some form of 
alteration, with many having been extremely altered. In the field, the altered 
rocks are characterized by pale green to whitish-grey colours depending on the 
type and intensity of alteration. Most are commonly associated with pyrite which 
produces a brown iron oxide stain when weathered.
Common forms of the alteration which could be recognized in thin 
sections include silicification, sericitization, carbonatization, chloritization and 
propylitization. These are recognized, respectively, by the introduction of 
secondary quartz, the extensive alteration of feldspar to sericite, clay, calcite and 
development of chlorite and epidote within the plagioelase grains and also 
infilling fractures.
5.2 Types of Alteration
Silicification of the host rocks is the most intensive type of alteration and 
consists of the development of secondary crystalline and amorphous quartz. It is 
common at shallow depths. Much of the secondary quartz may have been 
produced by the chemical breakdown of feldspar to sericite or the breakdown of 
mica to clay minerals. Some quartz was probably precipitated from the 
hydrothermal solutions moving through the wall rocks. This is the likely method 
of formation of amorphous quartz veins.
Sericitization is also a common alteration process in the wall rocks. This 
form of alteration is marked by the development of sericite, and is associated 
with quartz and pyrite. It is possible that sericitization in the samples from the 
study area can be compared to those observed by Boyle (1979). He maintained 
that in volcanic associated gold deposits, sericite was formed by the hydration of
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feldspar with the rearrangement of K or H2 O and was accompanied by the
removal of some SiC^, Fe and Ca. Meyer and Hemley (1967) represented the 
hydration of feldspar as:
3KAlSi3 0 3  + 2H+—>KAl2 AlSi3 O 1 0 (OH)2  + 2K2++ 6Si02
Orthoclase Sericite Quartz
The sericite content in the andesites ranges from less than one percent up 
to 50 modal percent. In extremely altered rocks, all feldspars have been 
completely altered to sericite and clay minerals. Because the rocks in which this 
occurs are found at variable depths, both diagenetic and hydrothermal alteration 
processes may have influenced the rocks.
Chloritization is also one of the significant types of alteration. It involves 
the alteration of pyroxene and feldspar (Plate l.G). Stanton (1972) proposed that 
the formation of chlorite from plagioclase could be represented by the equation:
2NaAlSi3 Og + 4(Mg,Fe)2 + + 2(Fe,Al) + 10H2 O — > (M g,F e)4 2+
(Fe,Al)2 ^+Si02 0jQ(0H)g + 4 S i0 2  + 2Na + 12H+
chlorite
In the samples studied, chlorite is green in colour and is commonly 
associated with the opaque minerals. It often occurs as fan-shaped aggregates in 
the wall of gas escape cavities which are commonly found in andesites, and as 
microcrystalline aggregates in the centre of cavities. The chloritization is not as 
common in the intrusive rocks.
Carbonatization occurs where secondary carbonate minerals such as calcite 
and dolomite are formed as alteration products. The calcite generally occurs in the 
form of single or groups of micrite and sparry calcite or as veinlets. In the 
Cikotok area, this alteration process is believed to involve the chemical 
breakdown of pyroxene, feldspar (Plate 2.H) and sericite, and also the direct 
deposition of carbonates from hydrothermal solutions. The chemical reaction for 
the carbonatization of sericite was given by Meyer and Hemley (1967) as:
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KAl2 AlSi3 O 1 0 (OH) 2  + 2Ca2++ 2 HCO3 -+ 4H2 0—>2CaC03  +
Sericite Calcite
3Si02  + 4H+ + K++ 3A1(0H)4-
Some calcite may also be derived from the replacement of the 
water-bearing carbonate constituents by diagenetic processes.
Argillitization is represented in samples from the study area by the 
development of clay minerals in the samples from this area and is characterized 
by the introduction of secondary clay minerals, such as montmorillonite, 
kaolinite, and sometimes the development of zeolites with small amounts of 
sulphides.
Propylitization is principally indicated by the development of chlorite, 
epidote, carbonate, sericite and pyrite and commonly occurs as a fringe zone 
around highly altered rocks in which sericitization, carbonatization and 
pyritization have been most intense.
Frequently, there is the development of a lateral zonation of alteration with 
respect to the veins. Adjacent to the vein, the wall rock exhibits an intense phase 
of silicification, sericitization, carbonatization and pyritization and this gradually 
changes to a phase characterized by chloritization, weak carbonatization and 
pyritization further away from the vein.
5.3 X-Ray Diffraction Analysis
The identification of alteration minerals by X-ray diffraction in this study 
was carried out by referring the difractograms of selected samples to the Powder 
Diffraction File published by the Joint Committee on Powder Diffraction 
Standards.
Twelve selected samples were examined in order to identify the alteration 
minerals and to determine the distribution of these products around the quartz 
veins. The results are given in Table 5.1. Peak area intensity was measured after 
a base line of best fit was drawn in by hand. The respective peaks measured for 
the exercise were:
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1 . The quartz (Q) peaks at 3.35 A (101).
2 . The chlorite (Cl) peaks at 3.5 A (004).
3. The sericite (Sc) peaks at 5.0A (004).
4. The kaolinite (K) peaks at3.58A (002).
5. The montmorillonite (Mt) peaks atloA.
6 . The calcite (Cc) peaks at 2.9A (104).
Example of selected diffractograms are given in Appendix 6 . The 
percentage of quartz minerals was calculated by equation as follows:
Intensity of Quartz ( at 3.35 A)
% Q = __________________________________ X100%
X peak intensities of (Q + Cl + Sc + K + Mt + Cc)
Minerals occurring in trace amount (probably less then 1%) are not be 
accounted for in the calculations. The percentages obtained from the calculations 
were converted into an abundance scale as follow: 
abundant (>41%), 
common (21-40 %), 
sparse (1 1 - 2 0  %), 
rare ( < 1 0  %) and 
absent (-).
Whilst it is realized that the results of this type of calculation have very 
low precision, it is believed that inter-sample ratios are worthwhile and that a 
comparative study of the constituents, especially those significant in alteration 
processes, is useful.
5.4 Abundance of Alteration Minerals
Quartz is present in all samples and ranges from abundant to common. It 
was only indentified by peaks at 4.3A, 3.8 A and 3.3 A*
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Secondary feldspar minerals were identified by the 3.9A, 3.6A and 3 . 1  A 
peaks. K-feldspar and albite range in abundance from sparse to rare. The most 
common occurrence of these minerals is in the groundmass of andesites and 
tuffaceous rocks.
The carbonate minerals found in samples 5323 and 5321 comprise calcite 
and dolomite. These were recognized by peaks at 3.0A and 2.9A. Both 
commonly occur in tuffaceous rocks and in andesites.
Iron-rich chlorites were recognized by peaks at 7.1 A, 4.7Aand3.5A.
5.5 Distribution of Alteration Minerals With Depth
Semi-quantitative x-ray diffraction data was plotted on binary diagrams in 
order to investigate the affects of hydrothermal and diagenetic alteration, and the 
distribution of alteration minerals in the wall rock (Fig. 5.1a and 5.1b).
Quartz, plots as two populations on a depth-abundance plot. The first 
population encompasses samples which contain 30 to 45 % quartz and the 
second population comprises samples which contain 50 to 57 % quartz. This 
spread of data may be an apparent one due to only a few data points. However, 
if the data are realistic it may indicate that some samples are more susceptible to 
silicification than others or alternatively it could indicate that some samples have 
undergone two stages of silicification. Additional data are required to verify 
either of these two hypothesis.
Chloritization is ubiquitous throughout the stratigraphic section (Fig. 
5.2a). The spread of data points decreases with depth. The high chlorite values 
in the sample (sample 5292) from the 600 level of the Lebaksembada Mine is 
confirmed by microscopic identification as due to a chlorite veinlet. It is probably 
a chance sample and is not representative.
Although both show a reasonably wide scatter of data points, quartz and 
kaolinite contents decrease with depth. This trend is quite conspicious dispite the 
lack of samples from depths of 400 to 600 levels. Several reasons can be 
postulated for this decrease in quartz and kaolinite with depth.
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a) , the rock samples taken from the greater depth may be less susceptible
to silicification and kaolinitization;
b) . the samples may represent different rock types;
c) . the near surface rocks underwent alteration as a result of firstly
hydrothermal solutions and secondly, weathering.
The latter explanation is the more plausible one. The Indonesian climate 
is tropical with high temperatures and abundant precipitation. These conditions 
promote deep weathering profiles of up to two to three hundred metres. The 
weathering of many minerals under tropical conditions produces silica and clay 
minerals.
The distribution of chlorite, calcite, sericite, montmorillonite and feldspar 
do not appear to be related to depth. The scatter of values is quite large. Such a 
pattern would result where either diagenetic or hydrothermal alteration prevailed 
and the wall rocks were not homogenous with respect to either porosity or 
susceptibility to alteration. Geochemical data (Chapter 6) indicate that this is very 
likely.
In summary, petrographic and XRD data show that the rocks are altered 
up to depths of 900 feet below the surface. Although deep weathering profiles 
(up to 300 m) are common in Indonesia, the extreme depths at which the 
alteration was found excludes weathering as the only process of alteration.
Consequently, the patterns of alteration are interpreted as showing 
significant alteration of the host rocks and wall rocks by hydrothermal solutions 
moving upwards from depth followed by near surface alteration as a result of 
weathering. The data also show that the alteration was not constant throughout 
the rock mass but is consistent with different degrees of alteration associated with 
different lithologies.
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CHAPTER 6
GEOCHEMISTRY OF HOST ROCKS AND ORES
6.1 Introduction
Thirty host rock samples from the study area were analyzed for various 
elements. Some of the host rock samples were taken from near the mineralized 
quartz veins and others from sub-surface levels. Seventeen of the host rock 
samples were analyzed using XRF methods for major and trace elements and the 
remaining 13 host rock samples were analyzed solely for Au, Ag, Mo, Cu, Pb, 
Zn, Bi, As, Sb, Se and Te, using AAS methods. All of the results are listed in 
Table 6.1. Fifty ore samples were analyzed for Au, Ag, Mo, Cu, Pb, Zn, Sb, 
Se and Te using AAS methods and the data are listed in Table 6.2.
Major element data are expressed as the weight percent of the oxide of the 
element, whereas the trace element data are presented as parts per million (ppm). 
All major element data were recalculated to a total of 100 percent on a 
"volatile-free" basis. The trace element data for host rock and ore samples are 
not adjusted, and are given as analyzed.
Analytical data for the samples from the study area are compared to the 
corresponding data for four andesites from Mt. Salak and the Danau Complex of 
West Java (data from Whitford and Nicholls, 1976). The latter samples are 
thought to be typical of andesites from the region.
6.2 Geochemical Features and Element Distributions 
6.2.1 Major Elements in the Host Rock Samples
Data presented in Tables 6.1 and 6.3 show that the silica content of the 
Cikotok host rocks is quite variable with a range, for samples analysed, of 48.3
to 81.7 wt. % Si0 2 - The data also show that the Cikotok host rocks can be 
divided, using Si02  content, into three distinct groups (Table 6.4; Appendix 1 1 ).
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The first group comprises samples 5266, 5267, 5268, 5269, 5270, 5271, 
5272, 5273, 5305 and 5308. All have extremely high SÍO2  values with a range 
of 64.07 to 81.7 wt.% and a mean of approximately 69.4 wt. %. In this group, 
SiC>2 and K2 O contents are higher than the average value for typical calcalkaline 
series, island-arc dacites (Table 6.5; Whitford and Nicholls, 1976), but have 
lower FeO, T iC ^  AI2 O3 , MgO, CaO and Na2 0  values. The results of the
chemical analyses on some samples (Table 6.1, 6.2 and 6.3) indicate that most 
of the rocks in this group have a geochemical composition equivalent to that of 
dacite, although the relevance of this is open to debate (See section 6.2).
Elevated SÍO2  and K2 O contents are two of the geochemical indicators
that rocks have undergone silicification and potassic alteration. Thin section data 
(Chapter 4) confirm that the samples analysed have indeed undergone these 
forms of alteration. For example, relict phenocrysts, now represented by sericite 
aggregates, indicate a phorphyritic texture in the unaltered rocks. Similarly 
several samples contain rock fragments which have been sealed by later-stage 
quartz. These textures probably indicate the samples were originally a breccia.
The second group comprises samples with 50.71 to 81.1 wt.% SiC^.The
average SÍO2  content is 58.23 wt.%. These SÍO2  values are similar to the
calcalkaline basaltic- andesitic rocks of Java and Bali (Table 6.5 ; Whitford and 
Nicholls* 1976). The mean values for the major elements are also comparable to 
data for the samples from Mt. Salak and Danau Complex (Whitford, 1975).
In thin sections of these samples porphyritic textures are prominant and 
the feldspar and ferromagnesium minerals have undergone only minor alteration 
with chlorite and epidote the most common alteration minerals. Pyrite and 
carbonate are also present but in small quantities. Samples in this group are 
thought to be andesites which have undergone little alteration and the relatively 
fresh appareance of these rocks in hand specimen supports this.
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The third group has Si0 2  values which range from 48.3 to 50.5 wt.%.
These are within the range of S i0 2  values for the calcalkaline basalts from Java
and Bali (Table 6.5; Whitford and Nicholls, 1976).
Microscopic examination of thin sections of these samples shows 
porphyritic textures with only minor chloritization, epidotization and sericitization 
but with ubiquitous magnetite. This suggests that these rocks were also 
originally of basaltic andesite composition.
6.2.2 Trace Elements in the Host Rock Samples.
Data for base metals (Cu,Pb, Zn), precious metals (Au and Ag) and 
arsenic (As) in the host rocks show a widely scattered distribution for these 
species (Table 6.1). The base metals are most abundant in samples from 
medium depths. The values for gold are low while silver values are variable 
throughout the sections.
The distribution of P and S are also variable with the concentration of P 
probably reflecting the occurrence of apatite minerals in quartz grains (Plate 2.D). 
The S concentration reflects the occurrence of sulphide mineralization in the wall 
rocks which is indicated in thin section by the presence of obiquitous pyrite (as 
shown in Plate 2.E). Other trace elements do not show any marked trend, and 
most are relatively evenly distributed.
6.2.3 Lateral Distribution of Elements in the Host Rocks
The lateral distribution of elements in one section of a quartz vein has 
been traced by collecting host rock samples from both sides of the quartz vein 
along 800 level of the Cirotan Mine. The samples were taken at a regular spacing 
(10 m) away from the quartz vein (Table 6 .6  and Appendix 7). which is 
approximately 160 cm wide and has a brecciated texture with secondary quartz 
formed by silicification and argillitization.
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SiC>2 , K2 O, Rb, W and Ba increase dramatically on the hanging wall
side, approaching the vein, but only slightly increase in the foot wall side 
(Appendix 7). FeO increases towards the vein on hanging wall, but decreases on
the foot wall side. AI2 O3 , CaO and Sr are sharply depleted on both sides of the
quartz vein, but there is only a slight decrease in Na2 0 . MgO decreases towards
the vein on the hanging wall side but is relatively constant on the footwall side. 
Some trace elements, such as Au, Ag and Pb are relatively constant on both sides 
of the vein. Most of the above results are consistent with alteration to the 
footwall and hanging wall as consequence of the vein. The data also show that 
the effects of alteration decreases away from the vein and that the alteration is 
also more intensive on the hanging wall side. Samples on both sides of the vein 
have been altered by strong silicification, alteration of plagioclase to sericite 
kaolinite and calcite, and the alteration of mafic minerals to chlorite and epidote.
In summary, given the above data there are significant variations in the 
major and trace elements composition of the Cikotok host rocks. In general, K, 
Nb, Se, Sn and Zr increase, and Al, Fe, Ca, Mg, Ti, Mn, Bi, As, La and Sr
decrease with increasing SiC>2
In comparison with the analytical data for fresh andesite samples from 
Mt. Salak and Danau Complex, the Cikotok rocks (Table 6.2) are relatively
deficient in Ca, Al, Fe, Mg and Na but have higher SiC>2 , K2 O, MnC>2 T i02
and P2 O5 . Both sets of results can be accounted for by the alteration which the 
samples have undergone.
6.2.4 Vertical Distribution of Elements in Ores
Fifty one ore samples were analyzed for gold, silver and molybdenum, 
twenty nine samples were analysed for base metals, bismuth and arsenic, twenty 
four samples were analysed for antimony and fifteen samples were analyzed for 
selenium and telerium. The variation in the vertical distribution of the elements 
are shown in Appendices 8 to 1 2 .
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Maximum Au levels were found in sample PS48 (202 ppm) from the 200 
Level of Cirotan Mine. This sample also contains a relative high concentration of 
Ag, As and base metals. A high Au value was also recorded for sample PS 11 
(115 ppm) which is typical of the diffuse sulphide ore from Cikebo Mine (Plate
I.C). The sulphides occur in a milky amorphous quartz groundmass. Apart from 
the above samples, others commonly have low Au levels. A subsample of PS 11 
was crushed and three fractions - black sulphide, relatively clean quartz and a 
mixed fraction, were hand picked. The fractions gave the following results when 
analysed:
Sulphide : 450 ppm gold
Quartz : 29 ppm gold
Mixed fraction: 63 ppm gold
The data clearly demostrate that most of gold is associated with the 
sulphides. Such a relationship should be useful for mine planning and evaluation 
of the deposits.
Only a few samples contain Au levels close to the average value for all 
samples. In other words, the Au distribution is variable over the depths sampled 
(Appendix 8 .a), with anomalous Au levels found at shallow depth where 
disemminated sulphides occur in the quartz veins.
Silver levels in the ore samples are relatively evenly distributed 
throughout the section as indicated in Appendix 8 .b. Most of the ore samples 
have Ag contents close to the average value. Higher Ag values are related to the 
relative abundance of argentite in the relevant samples.
In general, Mo is not evently distributed throughout the ore samples 
analyzed. Significant Mo values occur in samples PS43 (114 ppm) and PS 113 
(1060ppm), which were taken from intermediate depths, as shown in Appendix 
8 .c. Both samples are typical of those from the sinter quartz veins which 
contain clear crystalline quartz and black layers of disseminated sulphides (Plate
I.A). Both samples also contain considerably high base metal levels with low Au 
and Ag values.
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Copper has an erratic distribution in the ore samples (Appendix 8.d). This 
may only be apparent since not all ore samples were analyzed for Cu. However, 
given that the available data is representative most significant Cu values occur at 
shallow depth.
Lead also has distribution (Appendix 8.e), but it is difficult to assess the 
true vertical distribution of Pb since some samples were not analyzed for Pb. 
High Pb concentrations are found in massive ore samples as expected because 
these contain abundant galena, sphalerite and chalcopyrite (for example sample 
PS 132).
As with other base metals, Zn tends to be distributed erratically. 
Marginally higher Zn values are found from the deeper parts of the sections 
(Appendix 8.f).
Bi, As, Sb, Se and Ti do not show significant trends in the samples 
analysed. Of note bismuth (Bi) is more evenly distributed than the others 
(Appendix 8.g) and high arsenic (As) values were recorded in the samples PS74 
(2520 ppm) and PS48 (1110 ppm) from the Cirotan Mine.
6.3 Rock Suites and M agm a Affinity
Numerous methods are available for the classification of igneous rocks. 
Some of these include total alkaline vs. silica plots, calculation of alkaline-lime 
index (Peacock, 1931), the suite index (Rittman, 1962), the alkalinity ratio 
(Wright, 1969), the AFM diagram and the distribution of alkali elements with the 
variation in Mg/Fe ratio. Many of these methods have been found to be unreliable 
when attempting to infer the parent rocks from altered field samples.
One method that has achieved some success in determining the parent 
rocks from altered samples is that of Floyd and Winchester (1978), who showed 
that immobile elements, such as Ti, Zr, Y, and Nb can be used for the 
identification and discrimination of altered volcanic rocks. In order to see if this 
method is applicable to altered volcanic rocks from the Cikotok area, plots of the 
immobile elements for samples in the study area were made (Fig.6.1 to 6.3).
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For comparison, geochemical data for andesites from Mt. Salak and 
Danau Complex, West Java (Whitford and Nicholls, 1976) are included to the 
above figures where data are available. The rocks from Mt. Salak and Danau 
Complex are calcalkaline suites. Other authors have presumed that the Cikotok 
volcanic rocks have the same magma affinity as the Mt. Salak and Danau 
Complex rocks and are calcalkaline in character as well. This is not an 
unreasonable suggestion given that the Cikotok area is located between Mt. Salak 
and Danau Complex (Fig. l.B and l.C).
A relative consistent trend emerges for each set of data. Samples from the 
Cikotok area are distributed within the fields of sub-alkaline basalt through 
andesite and rhyodacite to the rhyolite fields. Few samples, and these are the 
relatively unaltered samples, fall in the andesite field as do the samples from Mt. 
Salak and Danau Complex (Fig. 6.1). (Data for Nb and Y are not available for 
the Mt. Salak and Danau Complex rocks and consequently these plots in Fig. 6.2 
and Fig. 6.3 are not given). Figure 6.2 is open to at least two interpretations. The 
first is that the samples have a range of compositions which span the fields of 
sub-alkaline basalt to rhyolite. Acceptance of this interpretation implies that the 
host rocks are of several types and not consistently andesites as assumed by 
authors. The second interpretation is that the rocks represent a suite of rocks 
which, although of similar parent composition, have increasing quartz contents 
as a result of silicification and other alteration processes. Give the petrographic 
alteration, the latter hypothesis seems more plausible and acceptance of this 
interpretation is consistent with the view of those who maintain that most of the 
Cikotok host rocks are andesites.
The K2 O vs. SiC>2 diagram of Peccerillo and Taylor (1976) has been used
to deliniate the magma affinities for volcanic rocks. A similar exercise was 
undertaken here for the Cikotok rocks. In the diagram (Fig. 6.4), all samples of 
Whitford and Nicholls (1976) fall in the andesite field, whereas the samples from 
the study area again fall within the fields of basalt to rhyolite compositions.
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As with the immobile element plots, two interpretations of the magma 
affinities are:
1. the host rocks of the Cikotok area were presumably derived from two different 
magma series, the first a high K-calcalkaline magma and the second, a 
calcalkaline magma;
2 . assuming a single parent magma, alteration processes have strongly affected 
the host rocks, resulting in a relative increase in the SiC>2 and K^O contents.
If the Cikotok rocks were derived as outlined in (2) they would have been 
derived from a calcalkaline magma and may have been related to, or possibly derived 
from the same magma as the andesites from Mt. Salak and the Danau Complex. It is 
of interest that the Danau complex samples also span both fields although most fall 
in the high K-calkalkaline andesite field.
6.4 Mathematical Analysis of the Geochemical Data
Geochemical data for the ores and host rocks were subjected to R-mode and 
Q-mode multivariate analyses in order to delineate the probable relationships, 
groups of samples (objects) and elements (variables). The statistical principles are 
based on those of Agterberg (1974) and Davis (1973).
The program used in these computer studies was written by Dr B.G. Jones 
of the Department of Geology, The University of Wollongong. The main data files 
and the result of computation are shown in Appendices 9.A-D and 10A-D. These 
include:
1 . a data matrix tables for the all data (ores and host rock samples);
2. a Pearson Product-moment matrix for all data (ores and host rock samples);
3. significant values of the Pearson Product-moment matrix at 95% and 99% 
confidence levels (ores and host rocks samples); and
4. summary of data for ores and host rocks samples.
Theoretically, the correlation coefficient (r) computes the perfection of 
correlation. Perfect correlation, where (r) =1.00, means that knowing one factor, 
the other factor can be predicted with both increasing together (positive correlation).
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To the contrary, if (r) = -1.00, this means a perfect negative correlation, and thus as 
one factor increases as the other decreases. Very weak correlation (calculated at 95% 
confidence level) for the host rock is indicated by (r) value between 0 .0  and 0 .3 5 , 
and between 0.0 and 0.27 for the ores (Hesp, 1978).
6.4.1 R-mode Analysis of the Host Rocks
The R-mode cluster analysis dendrogram for the major and trace elements 
(Figure 6.5) consists of two main groups (A and B). They have similarity 
coefficients of between -.08 and 0 .0 2 .
Group A is divided into sub-groups 1, 2, 3, and 4 which have similarity 
coefficients of between 0.02 and 0.73. In sub-group 1, SiC>2 , Sb, Mo, Se and Ag 
are strongly linked to each other and have a similarity coefficient of between 0.27 
and 0.88. High SiC>2 values are characteristic of either rocks formed from a siliceous
magma or rocks in quartz veins in which the trace elements Sb, Mo, Se and Ag are 
usually associated with precipitation of silicates.
Subgroup 2 shows a strong cluster between Au, base metals and As. The 
close linkage between sub-groups 1 and 2  for these samples is reflecting the fact that 
some of the host rocks analyzed contained small quartz veins which contained 
varying amounts of the sulphides chalcopyrite, galena and sphalerite. Of importance 
is the relationship between gold and lead-zinc-copper, that is, the close association 
between gold and sulphides as is confirmed by petrographic data (Chapter 4). The 
association of Au with base metal sulphide deposits, such as Cu, Pb and Zn with As 
(arsenic) as an accessory element is common in many gold deposits and vein 
deposits.
Subgroup 3 consists of trace elements which tend to be associated with clay 
haloes around sulphide deposits. Rb is closely associated with K^O and is
commonly found in sericite. Similarly, sulphur, in clay-rich zones, may be derived 
from the dissolution of pyrite or maybe a hydrothermal constituent in which case, it 
is associated with Ba. Tungsten (W) and tin (Sn) commonly occur as accessory
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constituents after the alteration of feldspar to kaolinite, whereas T1 is commonly 
present as an impurity in sulphide mineralization. In conclusion, sub-group 3 
contains elements commonly occurring within the kaolinitized zones associated with 
sulphide mineralization.
Subgroup 4 only contains H2 O and Hf and probably indicates a close 
association of Hf and hydrothermal solutions.
Group B comprises sub-group 5, 6  and 7 which have similarities coefficients 
of between 0.53 and 0.22. Sub-group 5 contains elements which are commonly 
associated with the chloritization and epidotization of mafic minerals, such as 
hornblende and pyroxene.
In sub-group 6 , Na2 Ü is strongly clustered with Sr. Both elements are
associated with chlorite and sericite which form during the breakdown of albite. Bi, 
Th, La, U and Y are commonly present in volcanic rocks as is P, especially those 
containing apatite minerals in quartz grains.
Sub-group 7 is composed of Zr and Nb which are well known immobile 
elements. Both would be expected to be linked in any rocks which had undergone 
alteration if the hypothesis of Floyd and Winchester (1978) is viable for Cikotok 
samples.
Overall, the R-mode dendrogram of the host rocks indicates that the rocks 
have undergone coherent alteration. For instance, the clusterring of Au, Ag, As and 
Sb is considered to be the result of silicification whereas other trace elements, 
such as V, La and the radio-active elements, tend to group as a result of 
chloritization and epidotization of ferromagnesian minerals.
Group B is composed of subgroups that are linked because each group 
contains related elements which have similar distributions bacause where the 
minerals in which they are grouped, are altered.
6.4.2 Q-mode Analysis of the Host Rocks.
The Q-mode dendrogram of the host rocks analyses (Fig. 6 .6) comprises two 
main groups, A and B. Each group has similarity coefficients between -0.1095 and
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-0.0135. Group A is divided into two such groups 1 and 2 and Group B is divided 
into sub-group 3, 4, 5 and 6 .
Sub-group 1 , with similarities coefficients between 0.75 and 0.17, consists 
of samples generally having porphyritic textures and which has been altered, (as a
result they have increased K2 O and SiC>2 , and are deficient in other major
elements). Sample 5270 is an exception in that it has the highest Si0 2  content (81.7
wt.%). However, it does not have a porphyritic texture and is depleted in other 
major elements. This sample is probably extremely altered and may have had a 
porphyritic texture which has been oblitered. It is probably included in sub-group 1 
because of the Mo, Se, Th, W and Hf contents.
Sub-group 2  consists of samples for which only trace element data are 
available. The similarity coefficients are approximately 0.98 and the samples are 
extremely altered with relatively higher Au, Ag and base metal contents than other 
samples.
Sub-group 3 samples have similar Tl, W and Hf contents whereas 
sub-group 4 comprises two samples which are weakly linked (similarity coefficient 
about 0.1). The similarity in the values Hf, Sn, Mo and Nb contents may have been 
the reason for grouping them together.
Sub-group 5 consists of samples 5305, 5308 and 5307. The latter sample is 
a granodiorite rock, whereas the other two samples are tuffaceous andesites. They 
are probably grouped because of their trace element (Sn, Mo, Au, Se, and Tl) 
values.
Sub-group 6  is composed of five samples taken from the same location. Their 
Si0 2  contents are lower than other samples, and the K2 O contents are relatively
lower than average values for andesites. These samples have a high Ti content with 
Te, Au and Ag values similar to each other.
Several of the groups contain samples which are weakly linked and this may 
be because of the lack of data for some samples Despite these limitations, the 
grouping of rocks in subgroups 1, 5 and 6 by the Q-mode analyses is thought to be
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relevant. Sub-group 1 contains highly silicified rocks whereas sub-group 5  and 6
contain the low SiC>2 , less altered rocks. It is likely that a much larger array of
elements from a more selective group of samples would provide even greater insight 
into element and sample associations.
6.4.3 R-mode Analysis of Ore
The R-mode dendrogram of the ores principally can be divided into two main 
groups, A and B with similarity coefficients between -.08 and -.10 (Fig. 6.7). 
Group A consists of three sub-groups (1,2 and 3). The elements Au, Sb, Ag, Zn, 
Se, Pb, As, and Te are in this group. Group B includes the elements Mo, Cu and 
Bi.
In group A, sub-group 1 indicates a correlation between Au and Sb. In this 
study the gold mineral has been shown to occur as electrum and there is no evidence 
to indicate an association between gold and antimony.
It has been noted elsewhere that gold and antimony may form aurostibite
(AuSb2 ) which is generally of hypogene origin and usually forms during later stages
of mineralization and at relatively low temperature, very close to the temperatures at 
the precipitation of gold occur. In gold-sulphide quartz vein-type mineralization, 
antimony commonly occurs in association with pyrite (Boyle, 1979). However, 
under conditions of intense leaching by acid ground water, the antimony is largely 
removed.
Given the above, it is concluded that little antimony was available in the 
hydrothermal fluids of the Cikotok area and that which was available, precipitated 
out at approximately the same time as gold and was therefore closely allied to it.
Sub-group 2 indicates a correlation between Ag, Zn and Se. Zn and Se are 
strongly linked (similarity coefficients of 0.7731 and significant at 95% and 99 % 
confidence level) and are known chalcophile elements. Zn is the principal element 
in sphalerite, whereas Se replaces or substitutes for sulphur in sphalerite and 
possibly argentite as well. Consequently the sphalerite from Cikotok may contain 
some selenium.
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Sub-group 3 contains Pb, As and Te. As and Te are chalcophile elements and 
are shown to be strongly linked (similarity coefficient 0.7608 and significant at 
95% and 99 % confidence levels) in this study. Pb is the principal element in 
galena, and both As and Te are often present as impurities, or substitute for sulphur, 
in galena.
In group B, Mo and Cu are strongly linked with a similarity coefficient of 
0.88 and significant at 95% and 99 % confidence levels. This is the strongest 
linkage in any group. In gold-sulphide quartz veins Mo usually precipitates during 
the early stages of mineralization and at high temperatures. The strong linkage 
between Cu and Mo suggests the formation of high temperature Cu-minerals 
although the petrographic data does not support this. The correlation between Bi, 
Cu and Mo is very low and may be of little importance or it may indicate that Bi 
occurs as impurities in chalcopyrite or pyrite.
In conclusion, this dendrogram shows the correlation between gold, silver, 
base metals and other trace elements. The associations of the above elements in the 
Cikotok samples are the same as the associations commonly found in gold-silver 
sulphide vein mineralization as reported by Boyle (1979), but are not as strongly 
associated as might be expected.
6.4.4 Q-mode Analysis of Ore
The Q-mode dendrogram for the ores consists of two main groups, namely A 
and B (Fig. 6 .8). Group A contains five sub-groups (1, 2, 3, 4 and 5) with 
similarity coefficients of between 0.7 and 0.9.
In sub-group 1 the samples have the lowest values recorded for mopst 
elements. Sub-group 2 contains samples which have considerably high Ag, Pb, Zn 
and As values, but low Mo, Cu and Bi. This sub-group consists of two parts which 
are distinguished by the higher Mo, Pb, As, Sb and Te in some of the samples. 
Samples in sub-group 3 generally have low Au, Ag, As and Sb values, and 
particularly very low Pb and Zn. These samples have higher Mo, Cu and Bi content 
compared with samples in sub-group 2 .
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Samples in sub-group 4 have higher Au, Zn and Sb values than samples in 
either sub-groups 2  and 3 .
Sub-group 5 comprises three samples which are relatively rich in Zn and have 
substantial amount of Au, Ag, Cu, Pb and Sb.
Group B is divided into 2 sub-groups. Sub-group 6  contains samples which 
have higher Au, Pb and Zn values than sub-group 7 samples. Both groups contain 
samples which have high Mo, Cu, Bi, Sb and Te.
In conclusion, Q-mode analyses groups samples relatively rich in Au, Ag, 
Pb, Zn, As Se and Te. On the other hand, group B samples are rich in Mo, Cu, Bi, 
Sb and Te.
The correlations between elements indicate that electrum and argentite are 
probably late stage minerals which formed at relatively low temperatures whereas the 
base metal minerals are probably formed at somewhat higher temperatures.
The relationships between gold and the other metals are not particularly strong 
for any pair of elements. There are however, positive correlations between Au and 
Ag, Zn, Sb, As,Se and Te, and negative correlations between Au and Mo, Cu, Pb 
and Bi.
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fable 6.2 Genehe mi cal Data for ore samples from the Ci kulak area.
S amp l e  
( Ps )
D e p t h  
( F t .  )
D 1 c ni e n t s (ppm)
Au A p Ho On P b  Zn D1 A g S b Se T n
91 0 5 .  5 0 1 6 0 . 0 0 2 .  (i * ft ft ft ft ft •«■ it
A 9 o 5 . 9 0 1 9 5 . 0 0 1.  0 * ft ft ft ft •» ft ft
70 0 2 .  0 0 0 1 .  0 0 6 .  0 ft ft ft ft ft ft ■n ft
00 0 9 . 5 0 2 1 0 . 0 0 1.  0 ft ft ft ft ft ft ft ft
33 0 0 .  15 2 . 9  0 6 .  0 ft ft ft ft ft ft ft it
30 0 A . 7 0 16 . 0 0 1 9 .  0 1 AB 1 1 9 6 . 0 5 65 5 .  0 2 8 0 7 . 5 ft it
26 0 3 . 0  0 A B . 0 0 2.  0 ft ft ft ft ft ft ■n ■»
23 0 5 . 6 0 2.  60 6 .  0 ft ft ft ft ft ft II it
AO 0 2 0 2 . 0 0 1 A 2 .  0 0 1 .  0 11 A 3 5 0 0 . 0 213 0.  5 1 1 1 0 1 2 .  0 0 . 5 ‘0 . 5
65 0 A . 3 0 0 3 .  0 0 2 .  0 99 0 3 6 .  0 1A7 1 3 .  0 28 0 ft ft ‘ ft
21 100 3 .  2 0 1 6 .  0 0 0 . 5 * ft ft ft ft ft ft ft
19 100 1 . BO 2 6 , 0 0 2 .  0 ft ft ft ft ft ft ft ft
76 100 0 .  39 2 9 .  0 0 1.  0 ft ft ft ft ft ft ft ft
1 13 100 0 . 3 0 9 5 . 0  0 1 0 6 0 . 0 37  0 0 BOB.  0 9 AO 2.  0 1 9 2 .  0 0 . 5 0 . 5
7 A 10 0 1 1 . 0  0 1 0 1 . 0 0 3 .  0 280 6 5 3 0 . 0 1 7 0 0 0.  5 2520 5 .  0 1.  o 3 .  0
1 17 • 2 0 0 A.  2 0 1 0 1 . 0 0 1 2 . 0 ft ft ft ft ft ft ft ft
B 7 20 0 2.  90 2 6 .  0 0 1 7 .  0 ft ft ft ft ft ft ft ft
02 200 1 A . 0 0 1 6 3 . 0 0 0 . 9 1 A 2 2 1 0 0 . 0 A 71 1 3 .  0 533 •ft ft ft
06 •200 A B . 0 0 0 2 .  0 0 1 5 . 0 1 0 2 A 3 1 0 0 . 0 1 A 8 0 1 8 . 0 5 33 2.  5 0 . 5 0 . 5
11 •200 1 1 5 . 0 0 35. '  0 0 A.  0 272 7 5 2 . 0 5 A 0 5 .  0 200 20 . 0 0 . 5 0 . 5
0 2 00 1 7 . 0 0 3 0 0 . 0 0 1 5 . 0 61 3 2 0 . 0 A 0 5 5 .  0 2 A 0 2 . 5 « it
A 6 200 2 3 .  0 0 2 6 2 . 0 0 2 . 0 163 1 A 0 0 0 . 0 8 9 0 1 2 .  0 A 67 1 0 .  Ci 0 . 5 2 .  0
09 200 1 . 9 0 3 5 .  00 1.  0 57 2 56 0.  0 3 7 ? 1 5 . 0 5 33 2 . 5 ft ft
3 A 200 5 . 0 0 1 2 2 . 0 0 2 .  0 70 0 1 1 9 6 . 0 070 5 .  0 160 1A.  0 0 . 5 0 . 5
36 20 0 0 . 6 7 1 0 .  00 6 .  0 210 9 6 .  0 2 5 0 1 1 . 0 1 0 5 2.  5 ft ' it
OA 200 A . 1 0 1 6 9 . 0 0 0 . 9 60 10 0 0 . 0 ‘ \ 5 0 1 9 . 0 2 0 0 2.  0 ft ft
1A •300 A 7 .  0 0 2 0 A . 00 9 .  0 2A7 6 9 B.  0 37 Ci 5 .  0 120 A . 0 ft «
17 3 00 5 6 .  0 0 2 7 .  00 9 0 . 0 151 26 A . 0 A3 8 9 .  0 72 5 0 .  0 0 . 5 0 . 5
66 50 0 0 . 3 7 1 2 .  00 2.  0 125 2 5 0 0 . 0 5 13 9 .  0 A 0 0 2.  5 0 . 5 0.  5
A3 •500 1 . 0 0 7 7 .  0 0 1 1 A . 0 21 AO 9 2 Q . 0 3 0 0 A A . 0 100 2.  5 ft ft
A A •5 0 0 0 . 7  2 8 7 . 0  0 7 .  0 ft ft 'ft ft ft ft ft ft
72 •600 0 . 2 2 1 8 . 0 0 1.  0 . 69 3 A A . 0 3 1 6 1 0 . 0 1 A 0 5 . 0 ft ft
70 60 0 9 . 2  0 1 . 3 8 1 1 . 0 1 B 5 1 1 5 0 0 . 0 B 11 0 1 6 .  0 A 67 2 . 5 it- ft
60 6 0 0 0 . BB 7 . 2 0 3 .  0 111 1 1 5 0 0 . 0 9 10 2 .  0 320 2.  0 1 . 5 0 . 5
28 •600 1 . 6  0 1 2 . 0 0 7 .  0 209 1 1 8 . 0 8.  0 A 8 •2.5 0 .  5 0 . 5
51 70 0 1 . 3 0 1 2 6 . 0 0 3 .  0 ft ft ft ft ft ft * ft
50 7 0 0 0 .  27 1 2 . 0 0 2 1 . 0 3 2 0 1 7 5 6 . 0 7 10 1A.  0 120 1 A . 0 ft ft
55 7 0 0 1 . 2 0 1 1 A . 0 0 6 .  0 » ft ft ft it # ■ft it
53 70 0 6 .  0 0 9 A.  0 0 ■5. 0 2 0 0 1 6 0 0 . 0 7 3 7 0 1 1 . 0 A17 ft 0.  5 0 . 5
1 32 000 1A.  00 A 2 0 . 0 0 9 .  0 160 7 3 .  2 6 60  0 2 . 5 25 9 .  0 1.  0 0 . 5
118 800 0 . 5 7 3 A . 0 0 1 2 .  0 ft ft ft ft ft ft ft
57 000 1 . 1 0 2 7 . 0  0 1 5 . 0 •« ft ft ft ft ft ft ft
58 0 0 0 2 . 6 6 A . 0 0 2 0 . 0 ft ft « ft it ft- it «
56 ■ BOO 0 . . 27 2 1 .  0 0 1 0 . 0 1 27 13 A 0 0 . 0 2 1 5 0 1 0 . 0 A 67 1 0 . 0 0 . 5 0 . 5
59 9 0 0 1 0 .  00 7 2 .  0 0 A.  0 ft ft ft ft ft ft •ft ft
6 3 90 0 3 .  9 0 . 6 6 . 0 0 1 3 .  0 1 17 1 3 6 8 . 0 170 2 5 .  C) 5 33 ft
ft ft
6 A 9 0 0 0 . 5  0 1 3 .  0 0 1 0 .  0 # ft ft ft ft ft ft
ft
61 9 0 0 0 . 7 0 2 9 . 0  0 6 .  0 17 A A 9 0 0 . 0 A 5 2 0 2 A.  0 AO 0 ft
ft ft
1 2 7 9 0 0 1 . 5 0 1 3 0 . 0 0 3 .  0 ft • ft ft ft ft
ft ft ft
128 9 0 0 3 .  60 1 0 A . 0 0 1.  0 ft ft ft
ft ■ft ■)( -II
1 2 9 9 0 0 9 .  50 2 1 5 . 0 0 6 .  0 38 0 AA.  0 5 6 0 0 0 0 . 5
900 1 7 .  0 2.  0 0 . 3
Ps =  p o l is h e d  b lo c k
T ab le  6.3 D ata  fo r  m ajor (wt.%) and t ra ce  (ppm ) e lem ents  o f s e le c te d  samples from  the C ik o to k  a rea  and W h it fo rd  s 
d a ta  (1 9 7 6 )  fo r  a ndes ites  f ro m  Mt. Salak and the Danau C om plex .W est Java:
_________________________•_________________________k_ C _ i _ k _ o  t _ o  k. s a 111 ° 1 e s _____ ______________ _____________ ___ _ ___________________
5 2 6 6  5 2 6 3  5 2 6 7  5 2 6 9  5 2 7 0  5 2 7 1  5 2 7 2  5 2 7 3  5 3 0 5  530S  5 307  5 3 2 0  5 3 2 1  5 3 2 2  5 3 2 3  5 3 1 3  5 319
C a l c - a l k a l i n e  a n d e s i t e  
l a v a  ( U h i t f o r d ,  19 7 6 )
M t . Sa  1 a k 50 a n  a u  c o m p l e x
S i  0 2 6 5 . 9 0 6 6 . 2 6 6 7 . 0 1 6 4 . 0 7 8 1 . 7 0 7 4 . 4 7 6 6 . 9 3 O'?. 13 6 7 . 5 0
A12 0 3 1 0 . 7 0 1 0 . 0 0 1 1 . 6 6 1 2 . 3 4 8 . 3 2 1 1 . 9 8 1 1 . 9 4 1 2 . 5 6 15 . 25
I eO 3 . 9 0 4 . 7 6 3 . 6  1 3 . 3 3 1 . 5 0 5 . 0 4 4.  71 2 . 9  4 4.  43
MnO 0 . 0 2 0 . 0 5 0 . 0 5 0 . 0 9 0 . 0 1 0 . 0 4 0 . 2 7 0 . 0 7 0 . 1 3
T i  0 2 0 . 4 0 0 . 3 6 0 . 39 0 . 44 0 . 0 4 0 . 5 0 0 . 40 0 . 44 0 . 3 9
HcrQ 0 . 5 7 0 . 5 5 0 . 7 5 0 . 4 5 0 . 3 2 0 . 5 4 0 .  86 1 . 0 9 0 . 9 3
CaO 0 . 1 7 0 . 19 0 . 2 4 0 . 2 2 0 . 0 5 0 . 0 4 0 . 3  1 0 . 7 2 1 . 3 5
a 2 o 0 . 1 4 0 . 10 0 . 0 6 1 . 0  7 0 . 10 0 . 0 5 0 . 0 5 0 . 0 5 4 . 3 0
-V u 5 . 6 4 4 . 20 4 . 1 4 2 . 0 4 2 . 5 6 3 . 3 9 3 . 74 4 . 0  3 2 . 4 6
? 2 0 5 n . 11 0 . 12 0 . 1 4 0 . 15 0 . 0 2 0 . 14 0 .  15 0 .  15 0 .  15
Rb 140 1 10 110 170 70 10 110 120 70
3 r 45 30 25 70 3 45 15 13 430
ir 1 4 15 13 14 5 20 19 17 15
Z r 20 0 I S " 20 0 2 00 50 120 190 2 0 0 230
Mb 7 3 8 8 7 3 6 4 3
72 ., 0 1 6 0 .. 13 53. . 77 58, . 90 59 .
CO 58 . , 43 43. . 30 50 .. 5 8 59 ,. 60 59 .. 80 53 , . 90 6 2 .. 30
13. . 74 14. , 3 5 14. . 07 15 ,. 59 15 ., 80 16 ., 13 16 .. 89 17 . 6 3 17 ,. 33 18 ,. 20 17. . 4 7 16 .. 72
3 ., 04 8., 2 3 11. , 97 6,A  8 6 ., 67 6 ., 79 10 ., 60 c _. 8 3 7 ,. 0 0 7 .. 0 0 7 ., 50 5 . 3 5
0 .. 10 0 ., 14 0 .. 65 0 ,. 16 0 .. 12 0 ., 14 0 ., 26 1 .. 03 0 ,. 14 0 , 13 . 3 .. 13 0 ., 13
0 ., 30 1 1, 13 0 .. 75 0 ,. 66 0 ., 74 0 ., 74 0. . 9 7 . 1. , 0 1 0 .  3 0 0 .. 67 0 ., 83 0 . 76
g <, 46 1 ,. 80 3 .. 4 4 3,. 0 2 2 .. 66 0 , 33 4 ., 33 4. . 35 3 . 2 5 3 ., 4 0 3. , 16 2 ., 31
0 ,, 85 o , 11 0 ,, 2 1 rJ  ,. 14 5 ., 93 6 ., 79 7 ., 14 7. . 39 6 .. 70 5 ., 60 6 ., 9 3 5 ., 27
4. , 79 3 ., 3 7 0 ., 10 2 ,.  9 1 3. , 40 2 ., 95 1 . o g O «. 09 3 ., 2 2 3 . , 20 OU  a 70 0J  ., 77
2 . 6 6 3 , o  n 6 ., ~J ^ 3,. 0 3 1 ., 9 7 2 ., 17 1 ., ¿5 1. , 76 1 ., O .1 1 . 78 1 . 11 2 .. 7 1
0 ., 0 6 nsj .. 4 0 0 ., 10 0 ,.  11 0 ., 12 0 ., 12 0 ., 11 0 ., 14 0 ., 1 2 r \\J  • 11 0 a, 22 0 . . 17
30 110 2 30 100 7 0 60 5 5 30 6 5 . 3 0 7 3 . 0 0 2 3 . 7 0 8 3 . 2 0
2 10 160 95 240 260 2 40 2 13 250 265 235 364 29 4
25 5 0 10 25 2 0 15 16 13 30 30 35 43
290 270 40 200 170 170 83 75 142 137 132 2 2 3
1 2 1 2 3 4 3 3 3 * rc *
o
Tab le  6.4 A vera pe majo r  e ì e rn e n t  v a 1 u e s 10 r  s e 1 ect 3d- samples t ro r r the
Cikotok area, v1t. Sala le and Ih e Dan au uot of le:
3102 v a l u e s
> 6 4  u t . -  
( 1 )
5 i -  6.4
( 2 )
vTL .
/ ^ \ 
j  j
< 51
(  Ls. •
v î t  .  7o 
) ■
5 i r .  2 69 . 40 5 3 .2 2 6 0 .  15 49 . i  i
A 1 2  0 3 1 1 .35 15 . 23 I 7 . 4 3 17 . 26
F e O 2 .7 3 O p ^c . V J O 4. 1 0 . 2 2
TlnO . 0 . Q 3 ■j • — ct . J . 1 3 C . 6 5
T i  0 2 0 .3 7 _ \ j  % 0 . 7 9 0 . S r> > ''J
0 .6 5 2 . 7 5 3 n  '>• J  J L  . 3 7
Pl 0 0 . a 5 4 .0 3 G.25 • °
M £  2 0 1 .07 0  s  r~j . .  0 j J .  4 3 O ü 4
5* IO O 4 .0 3 n. /■ 0 1 . 05 1 . 61'
1 2 0  5 0 . 1 2 0 .1 7 ,-d . 15 13
V. £ . . . .
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/  -7 *1. : _ i  ì. _ ____ _ . ____ -, -, ’ -, i-.
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- ; 1  * ... v- .4 1 r- “7 C .  \
H u i  - J ; U ,  i ■- r
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( 6 3 . 0 V7t.%) ( 5 7  -  63 v  t .  % ) ( 52  - 57 w t . r o ( < 5 2  -.7t . i )
8 1 0 2 65 . 6 5 9 . 0 5 4 . 6 50 n •  u
A 1 2 0 3 16 . 1 1 8 . 1 13 n  •  O I S . 7
* eO 5 . 3 6 . 3 nO. 3 0 . 7
i lnO 0 . 0 ° 0 . 1 0 . 1 2 0 . 1 2
T 1 0  2 0 . 64 0 . 7 4 0 . 8 5 1 . 27
HgO 1 . 6 2 . 9 3 . 7 5 .  0
C.aO 4 . 1 6 . 7 QU .  4 o .  5
U  a  2 0 4 . y 3 . 5 3 . 4 3 .  3
K 2 0 2 . 47 1 . 84 1 . 5 7 1 . 4 4
x3 2 ( j 5 0 . 1 7 0 . O 9 0 .  26 0 . 3 2
COro
9 3
T a b l e  b . i 3 M a j o r  i 
f r o m  o 
o f  t h e
! v 7 t ; T )  a n d  
t r a v e r s e  t 
L i  r o t a n  M i
t r a c e  ( p p m . )  
ü e r o  s s  a m i n e
l ie .
e l e m e n t  d a t a  f o r  s i :  
r a l i  z e d  q u a r t z  v e i n ,
2 s a m p l e s  
Ö 0 0  L e v e l
D i a  L a n c e  ( m
5 3 2 3
)
5 3 2 2 5 3 2 1 5 3 2 0 5 3 19 5 3 J 3
f r o m  Q - V e i  n  3 0 20 1 0 10 2 0 3 0
S i  0  2 5 3 . A 3 3 9 . 3 7 5 3,. P 0 5 3 . 7 7 5 0 . 5 3 A 3 . 3 0
A 1 2  0  3 1 g . i  o 15  . 3 0 1 5 . 5 9 1 A . 0 7 1 7 . 0 3 10  . 3 9
1* c  0  . . ' • . G . 7 9 0 . 0 7 0 . A 3 1 1 . °  7 9 . 3 3 1 0 . OO
C a O G . 7 3 3 . 9 3 5 . 1 A 0 . 2 J. 7 . 3 9 7 . 1 A
H r O 2 . 3 3 2 , 6 0 3 . 0 2 3 . A A A . 3 5 A . 3 3
lì a 2 0 2 . 9 5 3 . AO 7. . 9 1 0 .1 0 2 . 0 9 1 . 9 9
K 2 0 2 . 1 7  ' 1 . 9 7 3 . 0  3 0 . 3 3 1 . 7 0 J. . A f)
T i  0  2 0 . 7 A 0 . 7 A 0 . 0 0 0 . 7 5 1 . 0 1 0 . 9 7
3 n 0  ' 0 . 1 4 0 . 1 2 0 . 1 0 0 . 0 5 1 . 0 3 Í) . 2. 0
S 0  3 0  . 19 0 . 0 5 0  . 2 0 A . 1 2 0 . 9  3 1 . 0 2
i ’ 2 0  5 0 . 1 2 0 . 1 2 0 . 1 1 0 . 1 0 0 . 1 A 0 . 1 1
A s 0 3 A 7 0 1 2 A 5
B a 2  AO 2  1 0 2  7 0 5  GO 1 1 0 7 5
11b 0  0 7 0 1 0 0 2 3 0 GO 5 5
T i A A 0 0 A A 0  0 3  9 3 0 A 5 2 0 G 0  3  0 5 9 GO
V 1 2 0 1 1 0 1 0 0 2 3 0 1 9  0 2 AO
3  r 1 7 0 1 7 0 2 0 0 AO 7 5 3  O’
b i 1 0 1 2 3  5 2 5 2 5 AO
L a 1 5 1 0 1 5 1 0 1 G 2 5
I l o 3 3 3 3 3 3
L b 3 A 3 3 3 3
3 b O  ( > 1 9 GO 7 0 0 7 7 5
B e 3 3 3 3 3 3
T l i 3 3 3 0 3 3 2 5
T l i l ) 1 0 1 0 1 2 1 0 1 0
U 3 0 A 5 5 3
W 1 0 1 0 1 0 3 5 1 0 1 1
y 1 5 2 0 2 5 1 0 1 3 1G
S r 2  AO 2  0  0 2  A 0 9  5 2 5  0 2 1 0
S n 1 0 1 2 1 0 3 0 1 0 1 0
A u 0 . 0 1 0 . 0 1 0 . 0 1 0  . 0  1 0  . 0  1 0  . 0  J.
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0  . 0  .1 0  . 0  1
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Chapter 7 
DISCUSSION
This is one of few major studies of an Indonesian gold deposit to address 
the genesis of the deposit with a view to augmenting data for future exploration 
programmes. New information has been gained which will update previous data 
and these data will be useful for programmes looking at similar types of 
mineralization in the Cikotok area or elsewhere.
7.1 The Geological Province
The Cikotok area lies in the active volcanic belt of the Java Island Arc 
which lies to the north of the Indian Oceanic Subduction Zone. This active 
subduction zone has contributed to regional and local structural patterns. For the 
Cikotok area the depth of the Benioff zone probably ranged between 80 km and 
120 km. The progressive northward movement of subducted oceanic lithosphere 
beneath the island arc has generated the primary E-W axial anticlinorial structures in 
southern Java (Bahar and Girod, 1983) and has produced local E-W strike-slip 
faults in the sedimentary sequences which are located to the north and south of the 
study area. These anticlinorial structural patterns are not detected in the Old 
Andesite Formation which predominantly occupies the central part of the Bayah 
area. There is no recorded mineralization from within these structural systems.
The subducted oceanic lithosphere was responsible for the development of 
magmas elsewhere in Java (Whitford and Nicholls, 1976) and may also have been 
the source of the magmas in the Cikotok area in the same way as has been 
proposed by many earlier investigators such as Jakes and White (1970), Green
(1972) , Ringwood (1974), Sillitoe (1972), Gill (1970), Nicholls and Ringwood
(1973) , and Mysen (1979). The spatial variation in the geochemistry of island arc 
lavas may indicate a partial melting of the mantle, modified by reaction with a melt 
component derived from the underlying oceanic slab. A high water content,
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originating from the oceanic slab or the circulating magmatic water, may have 
influenced differentiation of the basaltic magmas at low temperatures.
Processes leading to magma genesis and the geological environment of an 
area are thought to be important in determining the host rocks, ore types and ore 
genesis model in island arc complexes. Thus an understanding of processes 
leading to magma genesis and to predicting the location of the rocks evolving from 
the magmas helps in locating exploration programmes. Consequently future 
exploration programmes in Tertiary rocks should identify active subduction zones 
as a first premise.
7.1.1 The Morphology of the Bayah Dome
The Bayah Dome is composed of mainly the Old Andesite Formation with 
sedimentary sequences to the south and north. The dome has an ellipsoid shape, 
with a NW-SE long axis of approximately 30 km, encircled by intermediate to 
acidic intrusions, such as the Cihara granodiorite, the Gunung Malang Quartz 
Diorite and a Pliocene dacitic belt.
Previous theories on the morphology and tectonic evolution of the Bayah 
Dome are shown in Figures 7.1 and 7.2 and Table 2.3.
The Bayah Dome was probably initiated by rifting as a result of vertical 
movements (Falvey, 1974). It was accompanied by volcanism and the consequent 
formation of a Tertiary volcanic belt. Eventually, this rifting was followed by 
granite emplacement intrusion which may have been associated with the 
mineralization in the Cikotok area and the precipitation of ore minerals from the 
ascending hydrothermal solutions although there is no strong evidence to link the 
two.
After the Bayah Dome formed, subsidence followed and two further cycles, 
similar to the one described above, resulted in intermediate to acidic intrusions, 
block faulting and periods of transgression along the periphery of the dome. These 
intrusions probably occurred in a marine environment. Consequently, there is a 
possibility that sulphide mineralizations may have formed during this marine 
phase.
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Figure 7.2 indicates that the intrusion not only affected the Old Andesite 
Formation, but probably also intruded marine rocks such as the Oligocene 
limestone of the Cijengkol Formation. Therefore, it seems likely that perhaps 
metasomatic mineralization, such as skarn-type gold (Carlyn-type) deposits, may 
occur in the carbonate rocks. This hypothesis requires much detailed field evidence. 
However the suggestion may encourage and indeed focus further exploration 
programmes to include the carbonate rocks as well as altered volcanic rocks such as 
the Old Andesite Formation.
7.2 M ineragraphy
For a number of reasons outlined in previous chapters mineragraphy is an 
important part of this study. Many authors have acknowledged the importance of 
mineragraphy in understanding the genesis of deposits (e.g. Craig and Vaughn, 
1981).
7.2.1 Pyrite
Pyrite, which is the most common sulphide mineral in the ore and has two 
distinctive forms indicative of the origin of the mineral. Colloform pyrite, as is 
found in Cikotok samples, has for a long time, been considered as evidence for 
crystallization from a colloidal gel. Roedder (1968) and Watanabe (1974) criticized 
this mode of formation for colloform sulphide minerals. They maintained that 
colloform textures indicate rapid coling at low pressure and temperature conditions 
during deposition near the surface. This is the likely mode of formation of the 
colloform pyrite in Cikotok samples.
As well as colloform pyrite, euhedral pyrite commonly occurs in the Cikotok 
samples. According to Stanton (1972), pyrite, along with the other constituent 
sulphides, tends to segregate in intergranular spaces between other minerals. In 
other cases, euhedral pyrite may also indicate sequential secondary deposition 
where the secondary shape does not preserve the original shape.
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Given that the above interpretations are correct, the abundance of colloform 
and euhedral pyrite in the Cikotok area indicates formation of pyrite ore as the first 
sulphide rock to form, and at low temperatures and pressures.
7.2.2 Formation of Brecciated Textures
Mineralization in the Cikotok area was a multistage process with early-stage 
pyrite over-printed by later stage base metal sulphides and eventually the precious 
metals. Along the 800 level and 900 level of the Cirotan mine, brecciated structures 
are frequently encountered. These structures probably indicate repeated hydraulic 
fracturing, a process which has been advocated for deposits elsewhere by Bottomer 
(1984). The most likely mechanism would involve pressure release associated 
with the episodic boiling of the ore-bearing hydrothermal solutions.
Perry, (1961) also stated that brecciation could also occur with dilution of the 
magma chamber resulting in the subsequent collapse of rocks and the introduction 
of fluids. Alternatively, the accumulation of large volumes of hydrothermal fluids 
and the resultant dispersion of these fluids could also lead to collapse of the 
overlaying rocks, either as the fluids escaped or because the fluids were not able to 
support the roof as a result of pressure release during the waning stages (Norton 
and Cathles, 1973). In later events, silica would seal the rock fragments and 
sulphides could also be precipitated.
Any of the above processes may have caused the brecciated textures in the 
Cikotok area.
7.2.3 Formation of Silica Sinter
In the Cikotok area, quartz minerals in the veins are commonly associated 
with amorphous silica (such as in the Cikotok, Cibitung and Lebak Sembada 
Mines, samples PS 117 and PS71) and chalcedony. It has been reported that the 
amorphous silica is believed to originate from supersaturated silica solutions 
which cool rapidly as a result of decreasing pressure and temperature as the 
supersaturated silica solutions ascend to the surface (Fournier, 1985). This
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condition may have occurred in this study of area since a cauldron resurgent 
process during the development of Bayah Dome is likely.
Amorphous silica is relatively unstable and immediately transforms into 
poorly crystalline cristobalite or opal which in turn is recrystallized into chalcedony 
or the more stable form, quartz. In other situations chalcedony and quartz may be 
deposited directly from hydrothermal solutions. Therefore in attempting to 
understand the origin of silicification, such as that in the Cikotok area, it is 
important to know whether the chalcedony and quartz were derived from direct 
precipitation of hydrothermal solutions or were derived from the recrystallization of 
amorphous silica. Unfortunately, this study does not make this data available.
In addition to the above, silica sinter may also derived from the reaction 
between hydrothermal solutions and volcanic glass in the host rocks. The 
importance of this process in the Cikotok area is not known because the techniques 
used in the study did not reveal the necessary data.
7.2.4 Temperature and Pressure Conditions
Mineral assemblages have been used in many studies to deduce temperature 
and pressure conditions at the time of mineralisation. However, the use of 
geothermometry and geobarometry can lead to missinterpretation if the relevance of 
models to specific deposit is not thoroughly researched. The literature has a large 
number of case studies some of which give conflicting interpretations and which are 
not always relevant to specific deposits. However, if used carefully, analogous case 
studies can be quite useful. For example, the temperature of ore deposition in any 
area can be deduced by referring to coexisting minerals associated with the 
mineralization, especially if techniques such as fluid inclusion techniques are not 
available. Temperature of formation can also be estimated by comparison with other 
sulphide types. A number of examples are relevant to this study.
Ridge (1976) stated that, for a shallow marine environment where the water 
depth was 300 m or less, temperatures of 200°C or more would ensure that boiling 
of the ore fluids would occur but the chance of sulphide mineralization being
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deposited on the sea floor in any appreciable quantity would be low. If, however, 
the depth of water was 10 0 0  m or more, then the ore fluids would not boil but 
would have reached the sea floor to form a massive deposit (e.g. Kuroko type 
deposits). In the case of the Cikotok deposits the environment during mineralization 
was probably only locally or partly shallow marine, as indicated by the formation of 
restricted limestones peripheral to the volcanic rocks. Hence, the depth of water 
needed to maintain the hydrostatic pressure capable of stopping the ascending 
ore-bearing solutions from boiling, would be unsufficient. As a result, the boiling 
of the fluids may have occurred before the ore-bearing solutions reached the surface 
and ore precipitation would have occurred near the surface.
The presence of sphalerite containing chalcopyrite blebs, has been used to 
suggest that the original temperature of deposition of sulphides ranges between 
600°C and 350°C (Callow and Worley, 1965). Several Cikotok samples contain 
sphalerite with chalcopyrite but the temperatures cited by Callow and Worley 
(1965) would seem to be too high for these deposits.
Voluminous deposits of siliceous sinter in the gold mineralization area 
presumably indicates the deposition of neutral to alkaline chloride-rich ascending 
hydrothermal solutions that flowed quickly to the surface from a 200°-270°C 
reservoir temperature (Fournier, 1985). Silica would not be precipitated if the 
reservoir temperature was below 150°C. In contrast, if the reservoir temperature 
was above 270°C the hydrothermal fluids would carry only small amounts of 
silica. In addition, Fournier (1985) observed the presence of specific minerals with 
gold mineralization. Although gold commonly appears to have been coprecipitated 
with sulphides minerals but the presence of sulphur is not essential for gold 
transportation or deposition. Fournier (1985) noted that silica sinter has similar 
conditions of precipitation as gold and therefore the presence of silica sinter, is a 
very useful as guide to the precipitation of gold.
Reid and Hedenquist (1984) state that the minimum temperatures of the 
reservoir can be estimated using the silica contents of neutral pH, hot spring water.
Quartz precipitates from silicic acid (^ S iC ^ )  at temperatures of 330°C down to
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about 200°C. Crystobalite is usually precipitated at below 200°C to 180°C and 
amorphous silica is precipitated at 140°C to 130°C.
Sillitoe (1977) stated that epithermal ores which often contain precious 
metals were deposited from low temperature (200-300°C), low salinity (normally 
less than 2 equivalent wt.% NaCl) meteoric water.
Some of the results cited above are believed to have relevance to this study. 
The gold mineralization is associated with large amounts of quartz and the sphalerite 
contains exsolution blebs of chalcopyrite. The petrographic data clearly indicate that 
the sphalerite and chalcopyrite were deposited before the precious metals (gold and 
silver). This clearly points to hydrothermal fluids, at temperatures in excess of 
possibly 350°C precipitating sphalerite and chalcopyrite followed by a second 
phase of hydrothermal fluids, at lower temperatures, which precipitate gold and 
silver.
7.2.5 Alteration
Silicification is the most intense form of alteration in the wall rocks adjacent 
to the mineralized quartz veins and locally, is associated with kaolinitization, 
carbonatization and pyritization. However data from elsewhere, as well as the study 
area, indicate that propylitization is the most likely regional alteration throughout the 
rocks.
The alteration assemblages in the rocks studied from the Cikotok area show 
many similarities to those developed in modern geothermal systems (Browne, 
1984). The lateral variation is limited, indicating that the alterations were only 
facilitated by fissures or other structural control. Thus, the fracture densities would 
have had an important bearing on the alteration intensities. Consequently, the more 
fractured that a rock is, the more porous the rock and the more intense the 
alteration. The width of the alteration zone, in the vicinity of the mineralized quartz 
veins, will vary with depth depending on the intensity of fissuring and structural 
control.
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7.2.6 Lateral and Vertical Distribution of Minerals
The distribution of gold and silver is quite irregular even over small 
distances. This is typical for many vein type gold deposits. Athough traditionally 
the high gold values have been indicated by black ribbons of dispersed sulphides 
within the milky quartz mass, occasional pay-streaks were found. These high gold 
values probably in non-sulphide zones result from leaching processes because the 
gold (less for silver) is relatively uneffected by the leaching ground waters 
whereas the other sulphides are readily removed.
Boyle (1979) reviewed the works of earlier workers who had published 
Au/Ag ratios from many gold deposits and deduced that high Au/Ag ratios are 
present in higher temperature and deeper seated ore deposits, whereas silver 
enrichment (that is a low Au/Ag ratios) is characteristic of low temperature 
deposits formed at intermediate or near surface depths. Silver has a higher vapour 
pressure than gold at temperatures greater than 700°C, the silver is, therefore, more 
volatile than gold, hence it migrates farther from the source of heat (magma or 
intrusive body) and tends to be enriched near the surface.
In the Cikotok area gold has a weak positive correlation with silver and the 
Au/Ag ratio varies irregularly with the highest Au/Ag ratios occurring near the 
suface whereas lower Au/Ag ratios occur in the deeper locations.
With regard to the Cikotok deposits, there is not a large amount of data on 
the temperature and pressure conditions at the time of formation although some can 
be deduced by comparison with published reports. Much more needs to be 
obtained before a definitive model can be formulated. However, there is sufficient 
data to suggest that the lateral and vertical distribution of gold and silver are 
consistent with a hydrothermal deposit in which base metals sulphides, followed by 
gold and silver, were precipitated with later some modification due to leaching in 
the upper zones.
7.3 Metallogenic zoning
Recent advances in the understanding of plate tectonics and other areas of
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geology have revealed that in some tectonic terrains zoning of mineral deposits 
occurs.
Noble (1970) recognized an overall change in themetal content of ore 
deposits in the western United States from the western to the eastern continental 
margin. Brown (1968) Gabelman and Krusiewski (1968) also noted the zonation 
of metals from the continental margin along the west coast toward the east in British 
Columbia and Mexico respectively .
This zoning of deposits is also probably present in the study area, but on 
smaller scale. The mineralogy of the southern mine area deposits (e.g. Cikebo- 
Cikaret, Cipicung and Pasir Ela) appears to be slightly different to those in the 
northen mine area (e.g. Cirotan, Cimari and Lebaksembada). In the southern mine 
area, argentite and chalcopyrite are relatively common but base metal sulphides 
(particularly galena,) are less common whereas in the northern mine area the base 
metal minerals are dominant with lesser amounts argentite and chalcopyrite. In 
addition, Alderton and Sudharto (1987) only reported base metal sulphides in the 
Gunung Limbung area which is located approximately 40 km to the NNW of the 
study area.
Over all, the zonation in mineralization parallels the Java Trench with a 
dominantly precious metal zone in the south to a base metal zone towards the 
north. This arrangement probably correlates, and fits in, with the northward 
progressive movement of the subducted Indian Oceanic Plate.
7.4 Genesis of the Cikotok Deposits
7.4.1 The type of deposit
Observations based on the geological setting, mineral type, alteration and 
geochemistry suggests that the mineralization in the Cikotok area generally fits an 
ephithermal model. Although much additional information is required, there are a 
number of pertinent similarities between the epithermal type deposits as outlined by 
Sillitoe (1977) and the deposits from the Cikotok area. There are summarized in 
table form below:
Sillitoe (1977) The Cikotok area
Geological
setting
Emplaced in volcanic 
a sequence, ranging 
from andesite to 
rhyolite of mid- to 
late Cenozoic age; 
no relationship with 
intrusive rocks.
Hosted by the Old Ande­
site Formation of 
Eocene to Miocene age; 
no relationship with 
intrusive rocks.
M ineraliza­
tions type
Veins occupy pre­
existing tensioning 
fractures (faults); 
branching pat­
tern, laterally more 
persistent than 
vertically, bonanza 
and stock works.
Veins occupy pre-exist- 
tension fractures 
(faults, shears); irregu­
lar distribution, 
pay-streaks, brecciated 
at depth, stockworks.
Alteration regional propyliti- 
zation, sericiti- 
zation and silicifi­
cation
regional propylitiza- 
tion; sihcification and 
kaolinitization near 
quartz vein, some 
adularia
Ore Principally silver 
as argentite (ar- 
cathite) and gold 
in the native 
state; argentifer- 
ferous or telluri- 
ride.
Precious minerals 
consist of argentite 
and electrum; base 
metals are galena, 
sphalerite and 
chalcopyrite.
Gangue Quartz, aphanitic 
chalcedony, pyrite 
dolomite, calcite, 
barite, adularia, 
rhodochrosite and 
pyrite.
Quartz, chalcedony, 
silica sinter, calcite 
adularia etc.
Vein Drusy cavities, 
colloform and 
crustiform tex­
tures and brecciat- 
ion.
Comb, colloform, crust­
iform textures, and 
brecciation.
Depth shallow depth, 
from 100 to 1000 
metres; downward 
increase in base 
metal sulphides at 
the expense of gold 
and silver.
shallow depth, from 
surface downwards 
1000 level, precious 
metal at shallow 
levels and base metals 
sulphides.
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Sillitoe (1977) The Cikotok area
Location Principally magma­
tic activity in conti­
nental margin or is­
land arc geotectonic 
setting.
Java Island Arc belt.
7.4.2 Genetic Model
As has been discussed previously, there is believed to be an association between 
the principally gold-silver sulphide mineralizations in the Cikotok area and the 
volcanism which produced the Bayah Dome. The pre-mineralization structural 
patterns in the volcanic host rocks provided an ideal environment for the 
formation of epithermal mineralization. It is the combination of the faults and 
shears produced by the resurgent doming and the upwards movement of 
hydrothermal solutions associated with the igneous activity that permitted the 
emplacement of stockworks and brecciated mineralization in the Cikotok area. 
The paragenesis of the Cikotok ephithermal deposits can be summarized as 
folows :
1. Deformation of the Bayah Dome associated with a series of volcanic 
cycles produced a volcanic sequence, flanked by sedimentary deposits, of 
andesitic to perhaps slightly more silica-rich composition.
2. Resurgent volcanism associated with the last stages of the deformation of 
the Bayah Dome which severely fractured the volcanic succesion to such 
an extent that an ideal conduit for hydrothermal fluids was formed.
3. Water,initially derived from downward-moving ground water, was heated 
by shallow igneous bodies and circulated upwards. These water which 
possibly had a uniform salinity and temperature may have had some 
added volcanically-derived water. At higher temperatures, probably in 
excess of 300° C, base metal sulphides (such as sphalerite and 
chalcopyrite and later galena) were precipitated. It is hypothesized that 
these sulphides were deposited in the deeper parts of the volcanicpile with
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decreasing concentrations of sulphides at shallower depths. These fluids 
contained gold andsilver as well as the base metals.
4. Gold and silver were precipitated when the ore-bearing solutions either 
boiled or mixed with downwards moving cooler water. If boiling was the
mechanism, the hydrothermal solution were probably rich in H^S (It is 
known that during boiling the pH of solution increases (due to loss of 
CO2 ) and solubility of gold subsequently increases; however after loss of
H 2 S, as result of boiling, the solubility of gold decreases (Brown,
1986). Although additional information is needed, the second alternative is 
more probable. In this case, acidic downward-moving ground water 
would mix with the ore-bearing solutions and consequently gold 
wouldbe precipitated near the surface in a similar manner as reported for 
the Waiotapu hydrothermal system by Hedenquist (1984).
5. In the hilly terrain, ascending hydrothermal waters would flow laterally 
and emerge at the surface with the pricipitation of silica to form silica 
sinter in a process similar to that outlined by Boggie and Lowless (1987).
+ ■
+
in relation to the s u r r o u n d i n g  i n t e r m e d i a t e  and a c i d i c  i n t r u s i o n s .
+l
TT
Fig.7.2. A re c o n s t ru c t io n  of the Bayah Dome, show ing  the ’ Couldron s t ru c tu re ’ suggested fo r  the re la t ionsh ip  
between a r i f t ing s truc tu re  w ith in  p reex is t ing  hos t  roc k s  and in trus ive bod ies .
115
Chapter 8
SUMMARY AND CONCLUSIONS
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The resurgence of interest in gold in recent times has been a world wide 
phenomenon and Indonesia is no exception : A number of deposits have been 
worked in the past but not a great deal is known of the geology of specific deposits 
or of the regional geology as a whole. As an illustration some of the standard 
references predate 1950. What information is available, is generally in an 
unpublished form.
As elsewhere, in Australia for example, Indonesian exploration companies 
are looking to previously mined areas to formulate genetic models with a view to 
continued exploration. Consequently the scope of this research was to investigate 
the types of mineralization in the Cikotok veins, particularly the gold and silver 
minerals, by using petrographic and chemical techniques, and to study the host 
rocks near the mineralized quartz veins of the several small, previously worked 
mines in the Cikotok area.
The results of this research will add to the existing data and should be 
useful as a guide for further exploration and prospecting for the similar ore types 
within this area and elsewhere.
Problems were encountered during sampling because of limited access to 
tunnels and old working faces. Despite this, a comprehensive set of samples was 
collected. Samples for this research were collected from tunnels in Cikebo - 
Cikaret, Cigaru, Cipicung, Pasir Ela, Cirotan, Cimari and Lebaksembad and from a 
number of outcrops near the tunnels.
One of the aims of the thesis was to formulate a model which would be 
useful in future exploration programmes. Modem research in sulphide and gold 
mineralogy relies on sophisticated techniques such as detailed stable isotope 
studies, fluid inclusions, microprobe analyses, and geochemical analyses. The 
nature of the samples and the facilities available to the author dictated the methods 
that could be used.
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Consequently this study incorporated petrographic studies of the ore and 
host rocks. The data from these tools were augmented by geochemical and 
microprobe data collected from, or supplied by laboratory external to the 
university.
Not-with-standing the above limitations, the study provides a useful set of 
data and a number of conclusions have been drawn.
8.1 Conclusions
The study has revealed the general characteristics of the gold and silver 
mineralization in the Cikotok area. The specific conclusions from this study are :
1. a) The base metal suphides, gold and silver mainly occur in veins
hosted by Oligo-Miocene andesitic volcanic rocks of the Old 
Andesite Formation. Other forms of mineralization include 
brecciated and massive ores.
b) The mineral assemblage is simple, comprising abundant pyrite, 
with precious metals associated with metal sulphides, and 
quartz or carbonate gangue. Adularia occurs in some zones.
c) Crustification textures of the veins indicate multistage 
precipitation in open spaces and this suggests low temprature 
and pressure precipitation of the sulphide minerals.
2. Geochemical studies did not reveal any strong correlation among the 
elements analysed.Consequently, specific pathfinder elements or 
target elements were not identified. The data do show that the gold, 
silver and base metal sulphide have an irregular pattern both laterally 
and vertically.
3. a) Petrographic studies show that the host rocks were
porphyritic but have been greatly altered especially near the 
quartz veins. Propyllitization, chloritization, pyritization and 
epidotization occur as widespread, alteration. Silicification and 
kaolinization is predominant near the quartz veins. The study
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also showed that hydrothermal alteration of the host rocks was 
enhanced by weathering and/or diagenetic processes, 
particularly near the surface. Alteration was strongly influenced 
by the density of fractures. The composition of the unaltered 
host rocks spans the dacite-rhyolite field but there is 
considerable evidence to suggest that most were of probable 
andesite composition.
b) Geochemical studies of the host rocks indicate that in 
comparison with the analytical data for fresh andesite samples 
from Mt.Salak and Danau Complex, the Cikotok rocks are
relatively deficient in Ca, Al, Fe, Mg and Na but higher Si02,
H20 , M n02 T i02 and P20 5. Both sets of results can be
accounted for by the alteration which the samples have 
undergone.
4. a) The available geochemical and petrographic data are consistent 
with those published for other epithermal gold deposits and 
especially with those for deposits in which base metal sulphides 
were precipitated at temperature of probably above 300°C, and 
the gold and silver were formed at lower temperatures and after 
the base metal sulphides.
b) The relationship between gold and the other metals are not 
particularly strong for any pair of elements. There are however, 
positive correlations between Au and Ag, Zn, Sb, As, Se, and 
Te, and negative correlations between Au and Mo, Cu, Pb and 
Bi.
c) Specifically, it is believed that the mineralization in the Cikotok 
area was formed in the following manner and in at least four 
stages:
i) The first stage was the formation of fine-grained quartz 
and coarse pyrite aggregates adjacent to the walls of the
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fractures. Locally, these aggregates have been subjected 
to deformation and corrosion, as indicated by the 
presence of fractured grains of pyrite (these fracture were 
often sealed by later stage minerals, such as pyrite, 
galena, chalcopyrite, or sphalerite).
ii) The second stage of mineralization was the deposition of 
chalcopyrite, galena and sphalerite which contains 
exsolution blebs of galena and chalcopyrite.
iii) The penultimate stage of mineralization was the 
precipitation of colloform pyrite, late-stage sphalerite, 
argentite, tetrahedrite, pyrargyrite and electrum. In this 
phase of mineralization, the sphalerite replaced some of 
the earlier-formed pyrite, chalcopyrite and galena.
iv) Oxidation of the ore body during weathering, resulted in 
the formation covellite, malachite and iron oxides. 
Localized gold enrichment also occurred.
8. 2 Significance of the study
This study is significant for a number of reasons, especially from an 
exploration point of view.
i) Although it has previously been argued that the gold 
and silver occur as electrum and argentite respectively, this study 
confirmed this using microprobe results on a number of samples.
ii) It provides a data bank which will be extremely useful for 
comparative studies when additional data from this area, and from 
many other deposits which are at present being looked at or 
alternatively should be looked at in the future, are available.
iii) The study has established that the major portion of the gold and 
silver is associated with base metal sulphides in vein type 
mineralizationand is relatively fine grained, less than 0.05 mm.This
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information will be invaluable for metallurgical studies as many of 
the processes previously used to recover gold are now outdated, or 
can be greatly improved.
iv) This study should have significant impact on future exploration 
program m es as it clearly illustrates that using the techniques 
available to this study, much useful information can be gained and 
from this, exploration programmes can be structured to look for 
other areas likely to contain epithermal deposits. Such deposits are 
likely to occur in andesitic host rocks and will be associated with 
quite strong and relatively widespread alteration haloes which may 
have been modified by weathering . Of even greater significance, 
this study indicates that Carlin-type gold mineralization may exist in 
the carbonate sequences on the flanks of the Bayah Dome.
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A P P E N D IX  1 (L 'ont  i nued.)
Sim 21 Tunnel 100L C ikare t Q-vein, 80 cm w id th ,  N 3 1 0 /8 0 ,  k a o l in i ta t io n ,  b lack band in  .. 
c r u s t i f i c a t i o n  s t ru c tu re ,  o f te n  e x h ib i t s  s to c k w o rk .
Pirn 1 13 Tunnel 100L Ci ka re t Q-vein, 70 cm w id th ,  c o l lo fo r m  s t ru c tu re  w i t h  c h a lc o p y r i te ,  
p y r i t e  in quartz  s in te r .
Sim 1 17 Tunnel 2001 Cikebo Q-vein, cockade s t r u c tu r e  w i t h  c o l lo fo rm  p y r i t e  and 
c h a lc o p y r i te  aggregates w i t h i n  quartz  s in te r ,  a pp aren t ly  as 
b recc ia  ore.
b  1 Î71 2  b Outcrop Cipicung Q-vein, 200 cm w id th ,  N 2 8 0 /7 0  c r u s t i f i c a t io n  s t r u c t u r e  w i t h  
a l te rn a te  b lack band of d i f fu s e  sulphides, auhedral p y r i t e ,  
comb s t ruc tu re .  -
Sim 2 4 Outcrop Cipicung Q-vein, 200cm  w id th ,  N 2 8 0 /7 0 ,  c r u s t i f i c a t io n  s t r u c t u r e  w i t h  
black band of d i f fu s e  su lph ides and l im o n i t i c  t races.
Sim 26 Outcrop 4 0 0L Cipicung Q-vein, 120 cm w id th ,  N 3 0 0 /8 5 ,  c o l lo fo rm  te x tu re ,  q ua r tz  
s in te r .
Sim 28 Tunnel 6 0 OL Cipicung Q-vein, 40 cm w id th ,  N 3 3 0 /8 2 ,  c r u s t i f i c a t io n  s t r u c t u r e  w i t h  
p y r i t e  as c o l lo fo rm  and d e n d r i t i c  tex tu re ,  b lack r ibbon o f  
d i f fu s e  sulphides.
Sim 30 Outcrop Cigaru Q-vein, 300 cm w id th ,  N 8 5 /7 0 ,  brecc ia  te x tu re  in b a s a l t  
resembles quartz  s in te r .
Sim 32 Outcrop Cigaru Q-vein, 200 cm w id th ,  N 9 0 /6 2 ,  brecc ia  te x tu re  in b a s a l t  
resembles l im o n i t i c  t races  and black r ibbon te x tu re .
Sim 33 Outcrop Cigaru Q-vein, 300 cm w id th ,  N 9 5 /6 0 ,  brecc ia  te x tu re  in b a s a l t ,  
p y r i te  d issem inated  and comb s t ru c tu re  in quartz.
Sim 3 4 Tunnel 200L P as ir  Ela Q-vein, 60 cm w id th ,  N 3 4 5 /6 2 ,  p y r i te  in crack c r u s t i f i c a t i o n  
s t ru c tu re  and black ribbon of d i f fu s e  sulphides.
A P P E N D IX  1 ( C o n t i n u e d )
Sim 36 Tunnel 200L P a s ír  El a Q-vein,  40 cm w id th ,  N 3 3 0 /7 0 ,  p y r i t e  d issem ina ted ,  
l i r n o n i t i c  t ra c e s  and black r ibbon of d i f fu s e  sulphides. .
Sim 38 Tunnel 200L P a s ir  El a Q-vein,  30 cm w id th ,  comb s t ru c tu re ,  s to c k w o rk  pa t te rn ,  
p y r i t e  d is s e m in a te d  in quartz  s in te r .
Sim 40 Tunnel 200L P a s ir  El a Q-vein, 100 cm w id th ,  N 3 2 5 /7 0 ,  s t ro n g ly  w eathered,  
k a o l in i t a t io n ,  p y r i t e  and l i r n o n i t i c  traces.
Sim 41 Tunnel 500L P a s ir  Ela Q-vein, 300  crn w id th ,  N 3 0 0 /8 5 ,  p y r i te  d issem ina ted  and 
b lack r ibbon of d i f fu s e  sulphides.
Sim 4 Tunnel 500L P a s ir  Ela Q-vein, 30 cm w id th ,  N 3 10 /8 0 ,  s t ro n g ly  weathered,  f ine  
c h a lc o p y r i te  and p y r i te .
Sim 44 Tunnel 500L P a s ir  Ela Q-vein,  200  cm w id th ,  N 3 4 0 /8 0 ,  f ine  gra in  p y r i t e  and galena 
in q u a r tz  s in te r .
Si mi 46 Outcrop 200L Ci ro tan Q-vein, 100cm 'w idth, N 3 0 /6 0 ,  gossan w i t h  l i m o n i t i c  t races ,  
boxw ork  te x tu re .  ' '
Sim 48 Outcrop 200L Ci ro tan Q-vein, 100 cm w id th ,  N3G/60, gossan w i t h  comb and 
t r u s t i f i c a t i o n  s t ru c tu re ,  l im o n i t i c  t races  and b recc ia  
te x tu re ,  rem nant of d i f fu s e  sulphides band.
Si mi 49 Outcrop 200L Cirotan Q-vein, 60 cm w id th ,  N 3 0 /6 0 ,  euhedral p y r i t e  d issem ina ted  
in s i l i c i f i e d  rock.
Sim 50 Tunnel 700L □  rotan Q-vein, 30 cm w id th ,  N 30 /T0 ,  s to c k w o rk  and b recc ia ted  
s t ru c tu re d  ore, p y r i te  d issem ina ted  in s i l i c i f i e d  rock.
Sim 51 Tunnel TOOL Cirotan Q-vein, 40 cm w id th ,  b recc ia ted ,  p y r i te  f i l l  in  between 
s i l i c i f i e d  f ragm en ts .  .
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A P PEN D IX  2.
Samples resu lted 'rom  m odal ana lysos p lotted In tho m odal OAT c la s s if ic a t io n  o ' IUGS (1973)
r\ 1 . Ounrtzolile
?. O unrtz -r ic li granitoids 
3. A lk a ll- 'o id spn r granite 
'1. G ranite 
îï.G rnnod lo r ite  
C .Tonalité
7. A lka li lo ld s 'n r quartz syonlto 
(1. Quartz Sycnllo
9. Quartz Monzonllo
10. Quarz M onzod lorite/Quartz 
Monzogabbro
11. Ouartz D lo rile/Quartz gabbro/ 
Ouartz anorlhosllo
12. A lkali 'e ldspar Syenite
13. Syenite
14. Monzonlte
1 5. Mon zod lor lie/M onzogabbro
16. D lorlle/Gabbro/Anorthoslte
APPEND IX  3.
Sam ples resulted from modal analyses plotted In the modal Q AP  classification  o ' S trecko lscn  (1079).
APPENDIX 4
LOCATION MAP FOR SAMPLING AREA 1 CIREBO CIKARET AREA 
(SURFACE SAMPLING]
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LOCATIO N  M AP FOR SAM PLING  A REA  2 OF THE C1PICUNG MINE. 
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LOCATION MAP FOR SAMPLING AREA 7, CIMAR! MINE 
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LOCATION SKETCH MAP FOR SAMPLING AREA 8 CIPAMANCALAN RIVER
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APPENDIX 6 X-RAY DIFFRACTOGRAMS of S a m p l e  5289. Natural (A), Glycol CB],
Heated to 400° C/0;5 hr. and Heated to 600 C/1hr. CD],
Q : Q u a rtz
K ; Kaol i n i t e
Sc : Ser l c i te
Cl  ; Ch l o r i t e
Mt  : Mo n tm o r i l l o n l t e
Cc : Ca l c i t e
Sc
X - R A Y D I F F R  ACTOGRAM S of  Sample 5 2 7 1. Natura l  (A),  Glycol  IB),  
Heat ed to 4 0 0 °  C / 0 . 5  hr,  (C) and Heal ed to 600  C /1 hr.  (D)
APPENDIX 7. Diagrams showing elements changes in one section across 
mineralized quartz vein at 800 L. of the Cirotan Mine. 
(Distance in metre, major elements in wt.8> and trace 
elements in ppm).
(a) for SiOo, (b) for KoQ and (c) for Fend.
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APPENDIX 7. (Continued)
(rn) for S, (n) for Pb and (o) for As.
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id) for Rb, (e) for W and (f) for Bo.
(c l ) 2 4 0 . 0
16 0. 0
BO. 0 5  a 2 3K-----
Tl
QJ
>
5  3  2 1 N■U
M
W
' j  3 2 2 c y
- -  -  3.v-
15 . o . 3 0 .  0
l ' o o t  w a l l
5 3 1 0
,\
\\\\
\
319 V  5313
4 5 . 0 6 0 . 0 
H a u l i n g  w a l l
- - ♦
' 13 • 0
(p.)
4 0 . n +
3 0 . 0
20. 0 -*
10. 0 +
5 3 2 0
co 04 r — < cJ
\CO Cl ca 3
rn CO co (V '
LH 1-0--- #--------- l-o — 41 w  • 5 3 2 3  5
+ ----------
0 1 5 . 0 3 0 .. 0 4 5 . 0  6 0 . 0
3  1
7 5 .  0
l o o t :  v  a 1 1 H a n g i n y  w a l l
( f  )
60 0.0 *
4 0 0.0 1 f
200.0 |
5  3 2  3
A- ^
5  3 2  1
A
•' A" ■n O
_> L . L .
B------------  -13--------------B
0 +
+------------- *---
' 0 45 .0 '
l o o t :  v/ a  1 1
a)
>
-U
wW
O
O'
30.0
5  3 2  0
4 = Qq
\
5 3  1 9
- ^ 3 1 8  
B- --- -b------- -e
4 5 . 0  6 0 . 0
i l a n y i n y  w a l l
— + 
’5. 0
j
APPENDIX o. Depth (ft.) vs. element ve lues (ppm) in ore diagrams.
(a) Vertical distribution for Au, (b) for Ag and (c) for Ho.
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APPENDIX 8. (Continued)
( j ) ve rlica l d istribution io r Sb and (k) for Te.
(1) Correlation between depth (feet) and element values
(ppm).
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APPENDIX 9  A ( C o n t i n u e d ) .
mpl e Y Sb Sn Sr Au A g P S Zn Hf
5266 1 4 .  0 0 2.  50 4 0.  00 45 .  0 0 . 02 10 .  00 4 9 5 .  0 0 3 0 300 .  00 9 6 .  0 0 5.  0 0
5 267 13 .  0 0 12.  0 0 10.  0 0 25.  0 0 . 0 8 4.  0 0 6 0 5 . 0 0 2 4 2 0 0 . 0 0 64 .  00 5.  0 0
5268 15 .  0 0 2 . 5 0 3 0 . 0 0 3 0 . 0 0 fr 6.  40 5 3 0 . 0 0 3 0 0 0 0 . 0 0 8 4 . 0 0 5 . 0  0
5 2 6 ? 14 .  00 2 . 5 0 1 -  . 0 0 70 .  0 0 . 0 8 5.  20 6 4 5 . 0 0 2 4 2 0 0 . 0 0 67 .  0 0 5 . 0  0
5270 5 .  00 1 0 . 0 0 10.  00 3.  0 0 . 24 4 . 8 0 109 .  0 0 1 0 8 0 0 . 0 0 7 9 .  0 0 5.  00
5271 20 .  00 2 . 0 0 2 0.  0 0 45 .  0 0 . 16 14 .  0 0 6 2 0 . 0 0  8 0 0 . 0 0 3 8.  00 5.  00
5 272 19 . 0 0 2 . 5 0 13.  0 0 1 5 . 0 0 . I  2 5.  20 6 5 5 . 0 0 1 6 3 0 0 . 0 0 13 6 . 0 0 5 .  00
5273 17.  0 0 * 1 0.  0 0 18.  00 . 0 3 2.  SO 6 7 0 . 0 0 1 5 5 0 0 . 0 0 66 .  0 0 5 . 0 0
5305 25 .  0 0 fr 1 0 . 0 0 9 3 0 . 0 0 . 01 . 01 6 ,9 5.  0 0 B 0 0.  0 O fr 3 .  0 0
5307 5 0 .  00 * 1 0 . 0 0 1 6 0 . 0 0 . 01 . 01 1 7 3 0 . 0 0  3 6 0 . 0 0 fr 3 .  00
530 8 25 .  0 0 * 10.  00 1 3 0 . 0 0 . 01 . 50 2 6 0 . 0 0  5 2 0 . 0 0 fr 3 .  OO
5318 1 6 .  0 0 fr 1 0 . 0 0 2 1 0 . 0 0 . 01 . 01 4 9 0 . 0 0  6 6 0 0 . 0 0 fr 3 , 0 0
5 3 1 ? 13 .  0 0 * 1 0 . 0 0 2 5 0 . 0 0 . 01 . 01 5 9 0 . 0 0  3 7 0 0 . 0 0 ■» 5 . 0  0
5320 1 0 . 0 0 fr 30 .  0 0 95.  0 0 . 01 5.  60 4 5 0 . 0 0 1 6 5 0 0 . 0 0 fr 5 . 0  0
5321 25.  0 0 fr 1 0 . 0 0 2 4 0 . 0 0 . 01 . 01 5 0 0 . 0 0  8 0 0 . 0 0 fr 9.  00
CT “7 7 7 20 .  0 0 fr 12.  00 2 6 0 . 0 0 . 01 . 01 5 0 5 . 0 0  2 0 0 . 0  0 fr " 5 . 0  0
5323 15 .  0 0 * 10.  00 2 4 0 . 0 0 . 01 . 01 5 1 0 . 0 0  8 0 0 . 0 0 fr 5 . 0  0
527 8 -» 2 0.  0 0 fr fr . 20 84.  0 0 fr fr 1 5 6 . 0 0 fr
5285 fr 7 . 5 0 fr fr * ?  Ò 1 1 . 6 0 fr fr 101 .  0 0 fr
5286 y 2.  50 fr * . 24 6.  8 0 fr fr 1 2 6 . 0 0 fr
5 2 B 7 * 2 . 5 0 fr . 16 9 . 6 0 fr * 6 2 7 . 0 0 fr
52 8 8 * 7.  50 fr fr 1 . 9 5 10.  0 0 fr fr 10 30 0.  O 0 fr
5 2 ? 0 * X fr fr . 0 8 4 .  90 fr fr 2 2 8 . 0 0 •s
5291 * fr X fr y, e.  so fr fr 2 3 3 . 0 0 fr
5289 * 2.  50 fr * . 24 6 . 8  0 fr fr 5 0 2 . 0 0 fr
 ̂T- O *7 fr fr fr fr 3 .  6 0 fr fr 4 2 2 . 0 0 fr
5293 *■ X fr fr . 24 6.  0 0 fr fr 4 2 2 . 0 0 *
5294 ■» fr fr * 1 2 . 4 0 « fr 2 2 3 . 0 0 fr
5301 * 14.  0 0 fr fr . 60 5.  20 fr fr 2 3 6 . 0 0 fr
530 2 * 2.  50 fr fr . 0 8 4.  40 fr fr SB.  0 0 fr
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APPENDIX 10. Data files for geochemical analyses of ore from the 
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S a m p l e Au Ag Mo Cu Pb Z n B i As Sb Se T e
8 1 7 . 0 0 3 0 0 . 0 0 1 5 .  0 0 6 1 . 0  0 3 7 0 . oo 4 0 5 . OO 5 .  0 0 7 4 0 , OO' 2 .  50 a a
1 1 1 1 5 . 0 0 3 5 . 0 0 4.  00 2 7 7 . 0 0 7 5 ? . 0 0 5 4 0 . 0 0 5 . 0 0 7 0 0 .00 2 0 . 0 0 . 50 . 5 0
1 4 4 7 . 0  0 2 0 4 . 0 0 9 .  00 2 4 7 . 0 0 6 9 B . OO 3 2 0 . 0 0 5 .  0 0 1 2  0.  0 0 4.  00 a a
1 7 5 6 .  00 2 7 .  00 9 0 . 0 0 1 5 1 . 0 0 2 6 4 . 0 0 4 3 8 . 0 0 9 . 0 0 7 2 .  00 5 0.  00 . 50 . 5  0
1 1 7 4.  2 0 1 8 1 . 0 0 1 2 .  00 * * ‘ a . a a a a a
1 9 1 . 8 0 2 6 . 0  0 2 .  00 % a- a a a a a a
21 3 .  20 1 6 .  00 . 50 * a a a a a a a
1 1 3 . 3 8 9 5 . 0  0 1 0 6 0 . 0 0 3 7 8 0 . 0 0 8 0 8 . 0 0 9 4 0 . 0 0 2 . 0 0 1 9 . 0 0 2 . 0 0 . 50 . 5 0
2 3 5 .  60 2 . 6 0 6 . 0 0 a a a a * a a a
2 b 3 .  00 4 8 . 0 0 2 . 0  0 * a a a a a a a
28 1 . 6 0 1 2 . 0 0 7 .  0 0 2 0 9 . 0 0 1 1 8 . 0 0 3 6 .  0 0 8 . 0 0 4 8 . 0 0 2 . 5 0 . 50 . 5 0
3 0 4 . 7 0 1 6 . 0 0 1 9 .  00 1 4 8 . 0 0 1 1 9 6 . 0 0 5 6 5 . 0 0 5 .  00 2 8 0 . 0 0 7 . 5 0 a a
3 3 . 1 5 2 .  90 6 .  0 0 * a a a a a a a
3 4 5 . 0 0 1 2 2 . 0 0 7 .  00 7 0 0 . 0 0 1 1 9 6 . 0 0 8 7 0 . 0 0 5 . 0  0 1 6 0 . 0 0 1 4 .  0 0 . 50 . 5 0
3 4 . 4 7 1 0 .  oo 6 .  no 3 1 0 .  0 0 9 6 .  0 0 2 5 0 . 0 0 1 1 . 0 0 1 0 5 . oo 2 . 5 0 a a
4 3 1 . 0 0 7 7 . 0 0 1 1 4 . 0 0 2 1 4 8 . 0 0 9 2 8 . 0 0 3 0 0 . 0 0 4 4.  00 1 0 0 . 0 0 2 . 5 0 a a
4 4 . 7 2 8 7 .  00 7 .  0 0 # a a a a a a a
46 2 3 .  00 2 6 2 . 0 0 2 . 0  0 1 6 3 . 0 0 1 4 0 0 0 . 0 0 8 9 0 . 0 0 1 2 . n o 4 6 7 . 0 0 1  0 . o 0 . 5 0 2 . o o
48 2 0 7 . 0 0 1 4 2 . 0 0 1 .  0 0 1 1 4 . 0 0 3 5 0 0 . 0 0 2 1 3 . 0 0 . 50 1 1 1 0 . 0 0 1 2 .  00 . 50 . 5 0
49 5 . 9 0 1 9 5 . 0 0 1 . 0  0 -It- a a a a a a a
5 0 . 2 7 1 2 .  00 2 1 .  0 0 3 2  B . 00 1 7 5 6 . 0 0 7 1 0 . 0 0 1 4 . 0 0 1 2 0 . 0 0 1 4 .  00 a a
5 1 1 . 3 0 1 2 6 . 0 0 3 .  00 $ a a a a a a a
5 3 6 . 0 0 9 4 .  0 0 5 . 0  0 2 8 0 . 0 0 1 6 0 0 ! 0 0 7 3 7 0 . 0 0 1 . 1 .  0 0 4 1 7 . 0 0 a . 50 . 5 0
5 5 1 .  20 1 1 4 . 0 0 6 . 0 0 * a a a a a a a
5 6 . 2 7 2 1 .  0 0 1 0 .  00 1 2 7 . 0 0 1 3 4 0 0 . 0 0 2 1 5 0 . 0 0 1 0 .  00 4 6 7 . 0 0 1 0 .  0 0 . 50 . 5  0
5 7 1 . 1 0 2 7 .  00 1 5 .  00 * a a a a a a a
5 8 2.  40 6 4 .  0 0 2 0 . 0  0 a a a a a a a
5 9 1 0 . 0  0 7 2 . 0 0 4 . 0 0 a a a a a a a
6 1 . 7 0 2 9 . 0 0 6 . 0  0 1 7 4 . on 4 9 0 0 . 0 0 4 5 2 n . 0  0 7 4 .  no 4 0 0 . 0 0 a a a
6 3 3 .  90 6 6 .  0 0 1 3 .  0 0 1 1 7 . 0 0 1 3 6 8 . 0 0 1 7 0 . 0 0 2 5 .  00 5 3 3 . 0 0 a a a
64 . 58 1 3 .  00 1 0 .  0 0 # a a a a a a a
1 1 8 . 5 7 3 4 . 0 0 1 2 . 0 0 a a a a a a a a
1 2 7 1 . 5 0 1 3 8 . 0 0 3 . 0  0 a a a a a a a a
1 2 8 3 .  60 1 0 4 . 0 0 1 .  00 a a a a a a a a
1 2 9 9 .  50 2 1 5 . 0 0 6.  00 3 8 0 . 0 0 4 4 .  0 0 5 6 0 0 0 .  0 0 . 50 7 0 0 . 0  n 1 7 .  On 2.  0 0 . 5 0
1 3 2 1 4 . 0 0 4 2 0 . 0 0 9 .  0 0 1 6 0 . 0 0 7 3 .  20 6 6 0 0 . 0 0 7 . 5 0 2 5 .  0 0 9 . 0 0 1 .  00 . 5 0
6 5 4 .  30 8 3 .  00 2 .  0 0 9 9 . 0  0 R 3 6 . 0 0 1 4 7 . 0 0 1 3 . 0 0 2 8 0 . 0 0 a a a
64 . 3 7 1 2 . 0 0 2 . 0 0 1 2 5 . 0 0 2 5 0 0 . 0 0 5 1 3 . 0 0 9 . 0 0 4 0 0 . on 2 . 5 0 . 50 . 50
68 . 88 7 .  70 3 .  0 0 1 1 1 .  0 0 1 1 5 0  0 . 00 9 1 0 . 00 7 . 0  0 3 7 0.  0 0 7 , o o 1 .  50 . 5 0
70 9 . 2 0 1 . 3 B 1 1 . 0 0 1 8 5 . 0 0 1 1 5 0 0 . 0 0 B 1 1  0 . 0 0 1 6 . 0 0 4 6 7 . OO 7 . 5 0 a a
7 2 . 7 2 1 8 . 0 0 1 . 0 0 6 9 .  0 0 3 4 4 . 0 0 3 1 6 . 0 0 1 0 .  0 0 1 4 (! . OO 5 . 0 0 a a
7 4 1 1 . 8 0 1 0 1 . 0 0 3 . 0  0 2 8 0 . 0 0 6 5 3 0 . 0 0 1 7 0 0 . 0 0 . 5 0 2 5 2 0 . 00 5 . 0  0 1 . 0 0 3 . 0 0
7 6 . 3 9 7 9 .  00 1 . 0  0 # a a a a a a a
78 2 . 0 0 8 1 . 0 0 6 . 0  0 a a a a * a a
80 9 . 5 0 2 1 0 . no 1 . 0 0 # a a a a a a a
82 1 4 .  00 1 6 3 . 0 0 . 9 0 1 4 2 . 0 0 2 1 0  0 . 0 0 4 7 1 . 0 0 1  3 . 0 0 5 3 3 .  0 0 a a a
84 4 . 1 0 1 6 9 . 0 0 . 9 0 6 8 . 0  0 1 8 0 0 . 0 0 4 5 0 . 0 0 i 7 .  on 7 r n . o o ? .  0 a a
8 6 4 8 . 0 0 8 2 . 0 0 1 5 . 0 0 1 0 2 4 . 0 0 3 1 0 0 . 0 0 1 4 8 0 . 0 0 1 8 .  0 0 5 3 3 . 0 0 2.  5 0 . 5 0 . 50
8 7 2 .  90 2 6 . 0 0 1 7 .  00 * a a a * a a
0 9 1 . 9 0 3 5 .  00 1 . 0 0 5 7 2 . 0 0 5 6 0 . 0 0 3 7 9 . 0 0 1 5 .  00 5 3 3 . 0 0 2 . 5 0 a a
9 1 5 .  50. 1 6 8 . 0 0 2 . 0 0 3 a a * ■* a a
APRE N DIX 10. ( u u n t i n u e d )
3. S inumar y of data f or geo cileni cal ana! .yses of ore
Number of Averago of b o- i lui L li Rango
v a l u s s input valuos d eviati o n maximum (iiimm u ni
Au 51 13.139 33.139 2 0 2. 0 0 . 15
Ag 51 90.100 83.171. 4 2 0 . 0 0 1,33
Mo 51 30.9 0 S 148.294 10 6 0, 0 0 . 5 0 0
Cu 2? 429.103 ■ 763,803 378 0.0 0 61, 0 0
Fb . 3027.145 4187.576 14 0 0 0 . 0 0 44.0 0
Zn 2? 3371.133 10361.716 5 ó 0 0 0.0 0 36. 0 0
E i 29 10.828 V .237 44. 0 0 . 5 0 0
■ As 29 406.517 478.960 2 5 2 0 . 0 0 19.00
Sb 24 8.479 10.352 50. 0 0 ' 2. 0 0
s >=■ 15 . 733 . 45 8 2. 0 0 . 50
To 15 . 767 . 729 • 3. 0 0 . 50
r
ÀPPEMDIX 10.(Continued)
r  odu c t - M c n e n t li a t  r  i x  f o r  ge o ch emi  c a l a n a l y s e s o f  o r e .
l e A r rt\ U Ag Mo Cu F b Zn E i A s S b C.-,■U T e
A u " * e * * . 1 3 6 5 0 4 9 5 - . 1 1 5 1  - . 0 4 7 0  - . 0 3 1 1  - . 2 7 6 1 . 1 Y 7 3 . 3 3 ? 6 — '“■ 'il. ^ - .  1 13  0
A a . 1 3 6 3 *  * * * s * -x- * 0 0 6 7 - . 0 3 7 ?  - . 1 0 5 7  . 2 4 7 3 2 3 3 3 ■ U S" 0 zy - . 0 3 3 6 ' . 2 3 1 0 • 1 7 6  9
Mo - . 0 A 9 5 - . 0 0 6 7 v x- -x * * -x- * * . 8 3 1 7  - . 1 2 3 3  - . 0 5 5 1  - . 1 1 3 4 - . 1 3 4 2 - . 0 7 3 1 - . 1 3 3 0 - . 1 1 3 5
C u - . 1 1 5 1  - . 0 3 7 ? . 8 8 1 7 * x x x x x x  _ . 1 6 3 7 0 30 7 . 1 7 7 3 - . 1 6 3  0 - . 1 3 1 ? - . 1 3 6 3 - . 1 2 1 2
Fb 0 4 7 0  - . 10 3 7 1 2 3 3 - . 16 3 7 * * * X. $  £ x _ 0 7 3 2  - . 0 1 1 2 . 2 3 3 ? - . 1 3 2 6 • 0 r- i  6 . 4 2 2 0
*7 T-, — 0 3 11 . 2 4 7 3 0 55 1 - .  0 3 0 7 - . 0 7 3 2 * * * * * * * * - . 2 0 65 . 20 3 0 . 1 5 3 0 . 7 7 3 1 ' — , 1 * 0 l
E l  - . 2 7 3 1  - • 23  3 3 1 1 3 4 . 1 7 7 3  - . 0 1 1 2  - . 7' f) A ̂  -3- > - >4 * * e - . 2 2 3 1 - . 1 7 7 0 - . 5 3 7 3 - . 1 1 4 7
As  . l ? '  ' ï 3 . 0 40 5 - . 1 3 4 2 - . 1 6 8 0 - 2 S 3 Y . 2 0 3 0 - . 2 2 3 1 * * * * * * * ■> - . 0 6 9 7 ■ û O ■ J . 76  0 3
S b - 3 3 '~ / ô  ~ . 03 3 6 0 73 1 - . 1 3 1 ?  - . 1 3 2 6  . 15 3 0 - . 1 77  0 — . 0 6  V 7 * *X* -X- -/i 5s -X rk x — (*) A A A - ,  1 4 - 2
r  _ _ 2 A 21 . 2 3 1 0 - . 153 0 - . 1 5 6 3 . 0 3 1 6  . —}—> ~7 A/ / --J 2_ - , 5 3 7  3 . 2 3 23 — * 0 C'ô v >: 'X* 'X -X“ v: vr . 0 67  3
Te  - . 113  0- ■ b  7 o  V 1 1 3 5 - . 1 2 1 2 . 4 2 2 0  - . 1 1 0 1  - . 1 1 4 7 . 7 6  0 3 - . 1 4 4 2 - 0 b 7 S v -X- 5: -.<* 'X- x
i
APPENDIX 10. (Continued)
B .  S i g n i f i c a n t v a l u e s  i n P e a r s  o n - ■ l l o i i i e n  t m a t r i x f o r  g e o c h e m i c a l a n a l y s e s o f  o r e .
S a m p l e A u A c M o C u P b Z n E i
A —
n S b C CC tr1 T e
A  u  x  x  x  x x  x  x  x .  0  0  0  0 , 0  0  0  0 0  0  0  0 . 0  0  0  0  , .  0 0  0 0 . 0  0  0  0 , 0  0  0  0 . 0  0  0  0 0 0  0  0 o o o 0
A c  . 0  0  Q 0  x £  -X- -X X  -X -X X . 0 0 0 0 . 0 0  0 0 . 0  0  0  0 . 0  0  0  0 .  0  0  0  0 . 0  0  0  0 . 0  0  0  0 0  0  0  0 0  0  0  0
N o  . 0  0  0  0 , 0  0  0  0  x  x  x X X -X X  X
n  n n “ 7. u d l  / . 0 0  0 0 . 0 0 0 0 .  0 0  0  0 . 0  0  0  0 . 0  0  0  0 0  0  0  0 0  0  0  0
C u  . 0  0  0  0 .  0  0  0  0 . 8 S 1 7 X X X X X  X X  X .  0  0  0  0 . 0 0  0 0 .  0  0  0  0 .  0  0  0  0 . 0  0  0  0 0 0 0 o 0  0  0  0
T3 V,1 l j  * 0  0  0  o .  0  0  0 0 . 0  0  0  0 . 0  0  0  0  x  x y . :c jp x  y . x .  0 0 0 0 . 0 0 0 0 . 0  0  0  0 . 0  0  0  0 0  0  0  0 0  0  0  0
Z n  . 0  0  0  0 .  0 0 0  0 . 0  0  0 0 . 0  0  0  0 .  0  0  0  0  x X X X  X X  X X .  0 0  0  0 .  0  0  0  0 . 0  0  0  0 f  ■' 3 1 0  0  0  0
’ E i  . 0  0  0  0 . 0  0  0  0  ’ .  0  0 0 0 . 0 0 0  0 . 0  0  0  0 . O O O O x X X  X  X  X X  X . 0 0 0 0 . 0  0  0  0 - ,
cr *t  —? i"n/ !~l 0  0  0  0
A —ft . 0  0  0  0 .  0  0  0  0 . 0 0  0 0 .  0  0  0  0 .  0 0 o p .  0  0  0  0 . O O O O x <7 x  y : w  x  :i .  0  0  0  0 0  0  0  0 7 6  O S
S o  . 0  0  0  0 .  0  0 0 0 . 0  0  0  0 .  0 0 0 0 .  0  0  0  0 .  0  0  0  0 . 0 0  0 0 , o 0  0  0  X x  x x x x x x 0  0  0  0 0  0  0  0
S e  . 0  0  0  0 .  0  0  0  0 . 0  0  0  0 .  0  0  0  0 . 0  0  0 0 .  7731 .  0  0 0  0 . 0 0 0 0 , 0  0  0  0  x x x  y . •X" >: >: >r 0  0  0  0
T e  . 0  0  0  0 .  0  0  0  0 . 0 0  0  0 . 0 0 0 0 . 0  0  0  0 .  0  0  0  0 .  0  0  0  0 .  7 6 0 8 .  0  0  0  0 * 0  0  0  0  x X X X
X  X x  X
U r r e r h a l f o f  m a t r i x e  q u  a l a  p W~ Vj ^ i 1 i i y  a t 7 •-> t> C u i i i t -  — CT: ] ^  - r — j
T . n w P ' h  a  1  f o f  m a t r i x e  o  u  ^ ' 5  u -L , r - .4­— y V  V  % c o  n  f i d a n c e  1 v=. '„7 0  ] .
:
APPENDIX 11. Summary of average values uf major and trace el erne Is in 
host rocks from the Cikotok area.
(a) Group 1 ( 62 wt.% Si02), (b.) Group 2 (53 
Si02 and Group 3 ( 53 wt.S Si02) and Group 3 
Si 02).
62 wt.;3 
53 wl.S5
( a ) Si 0  2 A 1 2 0 3 ” l':eO
C a O
N , . • 1 ft 1 ft 1 ft 1 ft
M M T R R 0 o 0 ft
MEAN ft 7 . ft ft 1 1 . R5 7.77 ft . 4 ft 4
MFD T AN ft 7. 7ft 1 1 . °ft 7,75 ft . 7 7ft
TMFAN ftn . 55 1 1. . Rft 7. Rft ft .7/14
RTDFV ’ 5. 7 R 1,77 1 . on ft . 5 5 ft
DEMEAN 1 . ft7 ft . ft1 ft . 7 4 ft . 1 7ft
MAT R 1 .7ft 15.75 5 . ft 4 1 . nsn
MIN ft ft . ft 7 n . 77 1,5ft o . noo
07 ■ 7 7. ft 7 1 ?. R5 4.7 7 ft . 757
01 44. 1.7 10.57 7, 01 ft . 14ft
U g O
' 1 o 
0
0 . 4 5  4
n , 54<i
o. Am 
n. 751 
n.
1 , (19(1 
0 . 7, ? 0 
0  . PI 9  0
"o. 457
M a  2 U
1 0 
n
i  . 07  
0 . 1 0  
0 . 7 7  
i . n/ ,
0 . 5 7  
A . 7  7  
ft . ft 5
1 . pn 
0 . 0 5
K 2 U
1 ft
ft
ft . 0 7  
7. ft n 
5 . ft o 
1 . /,?
0.57
(V. Oft7 . ft- ft ft . 5 ft 
? .  4 3
T i O  2 M n O
N 1 ft 1 0
NM1 RS ft ft
M E A N ft . 7ftft ft. 0 0 7 0
MF PT AN ft . 7 7  5 ft , ft ftft ft
T  M F A M ft. 7 7 0 ft. ft ft R 7
R T D E V ft . 1 7ft ft. 0 7 5 7
R E ME A N ft . ft 4 ft ft. ft 7 7  R
MAY ft . 50f t ft. 7 7ft ft
MTN ft . ft 4 ft ft . ft 1 ft ft
Q3 ft . 4 4 ft ft. 1 0 7 5
0 1 0 .  7 4 5 0 . 0 7 5 0
S o  3  . P  2 0  5 - 1 . 0 1
1 ft i  o 1 ft
o o ft
7 .  Rft ft . 1 1 7 0 7 .  7 1
7 .  . 77 ft . 1 4 ft 0 7  . "’ ft
7 .  7 ? f t . 1 7 7 5 7 .  7  4
7 . 7 7 ft . ft 4 4 R 1 . 4 f t
0 . 7 7 ft . ft 1 4 7 ft. i> 4
7 .  5 1 ft . 1 5  0 ft 5 . 5 4
0 . 1 7
CC
-c 1 . 4 5
A . 7̂  f~\ ■ ft. 1 5ftft 4 . 7 ^
0,  7 0 0 . 0 9 7 5 7 . 7 4
U 2 0 \ b 13 a  .
1 ft 1 ft 1 ft
ft ft o
ft . 4 7 1 7 4 . 1 774
ft . 4 5  ft 1 7 . 5 7 4 5
ft. 4 7 7 1 7 . 7 7 4 7
ft . 7 4  4 7 7 . 9 1 4 5
( 1 . 1 1 5 7 .  7 5 7
1 . 0 7 f t Rft.  0 5 7 0
ft . 7 ft ft 7 .  ft 7  5
1 . 0 4 f t 7  0 . 0 4 0 7
0 . 7 1 0 1 1 .  7 1 4 5
131 • II f '
N 1 ft i ft
NMTRR ft ft
MEAN 14.00 4.4 ft ft
MEDIAN 1 ft . ftft 5 . ft ft ft
TMEAN 17. 1 7 4.75 0
RTPEV 4. 77 ft . FI 47
REMEAN 1.97 0. 747
MAX 75. 0 0 5.000
MIN 1 0 . 0 0 7. ft ftft
07 1.9 . ftft 5.00 0
01 1 0 . 0 0 4.500
S S e
N 1 0 in
MMTSS ft ft
MEAN 15747 7.5 ft ft
MEDTAN 1 5 7 o o 5. ft Oft
TMEAN 15775 7.175
RTPEV 11 R71 ft . 475
REMEAN • 7741 ft . 717
MAX 3070ft 5.000
MTN 57ft 7. ft 0 0
07 25450 7. 750
Q 1 800 3 . 0 0 0
L a I l o Mb
1 n 1 o , 1 1?
o o ft
1 4 . 4 0 4 . 7 f t 4 .  1 ft
1 4 . 0 0 7 . 0  0 4 . 5  (1
1 4 . 5 0 7 .  ftft 5 . 7 5
7 . 7 8 5 , 7 8 7 . 9 7
1 . 1 9 1 . 7 0 0 . 9 7
7ft .  00 7ft .  ftft 1. 7 . ft ftccc 3 .  0 0 3 .  ftft
1 8 . 0 0 3 .  0 0 R , ftft
1 0 . 0 0 . 7 . 0  0 3 .  lift
S 11 S 1* . . T i -
1 ft 1 ft 1 ft
o ft ft
1.4 , 7 n 4 7 9 1 7
1 1 . 5 37 73  Rft
1 4 . 4 47 7 3 4 5
1.(1. 4 1 4 7 7 4 5
7 .  3 45 7 4 7
4 0 . 0 4 R ft 3  0 1 0
1 0 . 0 7 7 4 ft
7 7 , 5 R5 7 4 4 5
1 0 . 0 . 1.7 7 0 R 0
P P b R b
1 ft 1 ft 1 (1
ft n . ft
5 7 5 97 1 ft R . (1
41  7 9 1 1 0 . 0
5 5 9 34 1 0  5 .  ft
1 9 7 7 1  3 3 1 . 7
4 1 4 7 9 .  9
4 7  ft 4 9 ft 1 7 ft . ft
1 fto 3 7ft . ft
4 5 7 ' 1.0 7  . 1 7 5 .  ft
4 3 4 4 7 7 .  5
T b T 1  . U
1 ft 1 . ft 1 ft
ft 0 o
7  . i f t 1 (V. ft ft ft 0 3 . ° n
7 . 5 f t 1 o . o ft o 11 3 . 5  ft
R.  5ft 1 o . n n o  ft 7 . 7 5
5 . 4 7 o . n o n n 1 . 7(1
1 . 7 . 7 0 . n  n 11 o ft . .7 R
7 f t . ftft 1 0 . 0 0 0 0 4 .  lift
3 .  ftft i n .  n n o  ft 3 . n o
1 3 .  5ft 1 0 . (i 0 o ft 4 . 5ft
5 .  7 5 i n .  o o o o .7. ftft
V
N 1 0
NMTRS ft
MEAN 39.9
MEDIAN . 37.5
TMEAN 33. 7
ETPF.V 34. 7
RF.MEAN . 11.5
MAX 130.0
MTN . .7. 0
03 5ft . 001 10.5
W  Y
1 0 1 0
0 0
1 0 . 0 0 0 0 1 4 . 7 0
1 ft . (10 0 (1 1 4 .  0(1
1. ft. (1 ft ft ft 1 . 7 .  1 7
ft . ft (1 ft ft 5 . 9R
ft. ft ft ft ft 1 . R9
1 f t .  ft (1 (1 (1 7 5 .  00
i n.  o n o n 5 .  0(1
i n .  0 0 ft ft 7 1  . 7 5
1 0 . 0 0 0 0 1 3 .  7 5
Zr
1 o 
n
1 7ft .  ft 
70ft  . ft 
1 1 1 1 7  
n o .  7  
7 5 .  5 
77ft.ft' 
7ft.  ft 
7 0 7 .  5 
1 4 7 .  5
APRE N DIX 11. ( L o n t i ri u e d )
0 0 S 102 Al 203 1  e U C  a  0 M C 0 N a 2 U K2 0
N 5 5 5 5 r-, i-
NMT R R ’ 0 0 0 0 0 0 0
ME AN B R . 1 5 . 7 R R n .  0 5 4 . 0  5 1 . 7 5 0 7 . 6 5 5 .  4P
MET1T AN 5  r . 9 o 1 5 . 5 9 0 6 .  7 9 5 . 1 4 7 .  P 5  0 7 . 9 5 5 . 0 3
t m e a n  - 1 5 0 . 7 5 1 5 .  7 n P P . 0 5 . 4 . 0 5 7 . 7 5 0 7 . 6  5 5 .  4 P
S T D K V 7 . 5 9 0 . P 7 7 7 . 5 1 7 . 7 7 0 . 6 0 5 1 . 4 P 1 . 7 7
B E ME A N 1 . 1 /, 0 . 5 7 0 1 . 0 5 1 7 / 1 0 . 7 7 1 0 . 6 6 0 . 7 9
m a x a  o . i n 1 6 . 1  5 0 1 1 . 9 7 6 .  i n 5 .  ¿ i dO 5 .  0 7 6 .  5 3
MTN 5 3 ,  7 7 1 4 . 0 7  0 6 .  4P 0 . 7 1 1 . n o n 0 . 1 0 1 . 9 7
0 3  - 6 0 . 0 7 1 5 . 9 6 5  , 1 0 . 1 0 6 .  5 5  • 5 .  7 5  0 5 .  6 5 5  . 1 9
0 1
7
5 6 .  1 0 1 4 . 4 6 0 6 . 5 7 1 . 1 6 , 7 . 7 3 0 1. . 5  0 7 .  0 7
T i O  2 M n O S O  3 P 2 0  5 L O I ' 1 1 2  0 A b I l a
N 5 5 5 s 5 5 ' r,
NMT R R 0 0 0 0 0 0 0 0
M E A N 0 . R 0 4 0 . 9 a 9 0 .  9 3 0 .  1 7  0 3 .  0 7 9 o . 3  9 n 1 7 . 9 3 5  7
M E 11 T A N 0 . 7 4  0 0 . 1 4  0 0 . 1 9 0 . 1 7 0 3 .  or ni 0 . 7 6 0 ¿1 . o 9 7 0
T ME A N 0 . R 0 4 0 .  7 4  7 0.  9 5 0 . 1 7  0 3 .  0 7  9 o . 3  9 p 1 7 . 9 5  5 9
B T D E V 0 . 1 P 6 0 . 7  7 9 1 . 7  R 0 . 1 7 9 0 . 4 5 4 0 . 7 7 9 7 9 . 5 1 5 7
B E ME A N o . n n 5 0 . 1 0  7 o . q o 0.  0 5 R 0 . 7 9  3 0 . 1 7  5 1 3 . 9 7  0
MAX 1 . 1 5 0 0 . 6 5  0 4 . 1 7 o . a n o 4 . 1 7  0 0 . R 0 0 7  0 .  0 5 6  0
M T N 0 . 6 6 0 0 . 1 9  0 0 . 0 5 0 . 1 0 0 ” . 0 9 0 0.  ORO 3 .  0 91  0
P 3 0 . 9  4 0 0 . 4 0 5 7 . 1 6 0 . 7 6 0 3 .  60 0 0 . 5 6  0 5  R . 0 5 7 0
P I
CC
0 . 1 3 0 0 .  0 7 0 . 1 0  5 7 . 5  R 0 0 . 1 3 0 3 .  0 7 7 5
D i H f L a H o N b 1’ . P b R b
N 5 5 5 5 5 5 5 5
NMT RR 0 0 0 0 0 0 0 0
ME AN 9 3 .  4 5 .  4 0 1 9 . 0 5 . 0 0 0 0 0 5 . 0 0 7 3 9 1 7 6 1 1 4 . 0
M E D I A N 7 5 .  0 5 . 0 0 1 5 . 0 3 . 0 0 0 0 0 3 . 0  0 5  0 5 6 0 1 0  0 . 0
T ME A N 7 3 .  4 5 .  4 0 1 9 . 0 3 . 0 0 0 0 0 5 .  0 0 7 3 9 1 7 4 1 1 4 . 0
S T P E V 1 9 . 1 7 . 1 9 1 4 . 7 0 .  0 0 0 00 3 .  9 4 5 5 5 7 9 5 6 R . 0
B E M E A N 5 . 4 0 . 9R 6 .  6 0 . 0 0 0 0 0 1 . 7 6 7 4 R 1 3 7 3 0 .  4
MAX 3 5 .  0 9 . 0 0 4 5 .  0 5 . 0 0 0 0 0 1 7 . 0 0 1 . 7 3  0 7 0  0 7 . 7 0 . 0
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(e) Linear regression of Au vs. Cu, (f) Au vs. Pb and (g) Au
vs. Zn.
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(h) Linc a f  regression of Au vs. Bi. (i) Au vs. As and (j) Au
VS .  Sb.
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(h) L i n e a r  regression of Au vs. Bi, (i) Au vs. As and (j) Au
vs. Sb.
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(h) Lin<z*r regression of An vs. Bi, (i) Au vs. As and (j) Au
vs. Sb.
